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Channel state information (CSI) can be used by a communications system to precondition transmissions between transmitter units 
and receiver units. In one aspect of the invention, disjoint sub-channel sets are assigned to transmit antennas located at a 
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transmitter unit. Pilot symbols are generated and transmitted on a subset of the disjoint sub-channels. Upon receipt of the 
transmitted pilot symbols, the receiver units determine the CSI for the disjoint sub-channels that carried pilot symbols. These CSI 
values are reported to the transmitter unit, which will use these CSI values to generate CSI estimates for the disjoint sub-channels 
that did not carry pilot symbols. The amount of information necessary to report CSI on the reverse link can be further minimized 
through compression techniques and resource allocation techniques. 
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Abstract 



Channel state information (CSI) can be used by a communications system to precondition 
transmissions between transmitter units and receiver units. In one aspect of the invention, 
disjoint sub-channel sets are assigned to transmit antennas located at a transmitter unit. 
Pilot symbols are generated and transmitted on a subset of the disjoint sub-channels. 
Upon receipt of the transmitted pilot symbols, the receiver units determine the CSI for the 
disjoint sub-channels that carried pilot symbols. These CSI values are reported to the 
transmitter unit, which will use these CSI values to generate CSI estimates for the disjoint 
sub-channels that did not carry pilot symbols. The amount of information necessary to 
report CSI on the reverse link can be further minimized through compression techniques 
and resource allocation techniques. 
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METHOD AND APPARATUS FOR MEASURING AND REPORTING CHANNEL 
STATE INFORMATION IN A HIGH EFFICIENCY, HIGH PERFORMANCE 
COMMUNICATIONS SYSTEM 

This application is a divisional of Canadian Patent Application 
5 No. 2,402,152 filed March 20, 2001. 

BACKGROUND OF THE INVENTION 

I. Field of the Invention 

The present invention relates to the field of communications. More 
particularly, the present invention relates to the measurement and report of 
10 channel state information in a high efficiency, high performance communications 
system. 

II. Description of the Related Art 

A modern day wireless communications system is required to 
operate over channels that experience fading and multipath. One such 
communications system is a code division multiple access (CDMA) system that 
conforms to the "TIAEIA/IS-95 Mobile Station-Base Station Compatibility Standard 
for Dual-Mode Wideband Spread Spectrum Cellular System 1 ', hereinafter referred 
to as the IS-95 standard. The CDMA system supports voice and data 
communication between users over a terrestrial link. The use of CDMA 
techniques in a multiple access communication system is disclosed in U.S. Patent 
No. 4,901 ,307, entitled "SPREAD SPECTRUM MULTIPLE ACCESS 
COMMUNICATION SYSTEM USING SATELLITE OR TERRESTRIAL 
REPEATERS", and U.S. Patent No. 5,103,459, entitled "SYSTEM AND METHOD 
FOR GENERATING WAVEFORMS IN A CDMA CELLULAR TELEPHONE 
SYSTEM", both assigned to the assignee of the present invention and 
incorporated herein by reference. 
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An IS-95 system can operate efficiently by estimating channel 
parameters at a receiver unit, which uses these estimated channel parameters to 
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from every base station. This pilot signal is a repeating PN-type sequence 
known by the receiver unit. Correlation of the received pilot signal with a 
local replica of the . pilot signal enables the receiver unit to estimate the 
complex impulse response of the channel and adjust demodulator 
5 parameters accordingly. For the IS-95 waveform and system parameters it is 
not necessary or beneficial to report information on the channel conditions 
measured by the receiver unit back to the transmitter unit. 

Given the ever-growing demand for wireless communication, a 
higher efficiency, higher performance wireless communications system is 

10 desirable. One type of higher performance wireless communications system 
is a Multiple Input/Multiple Output (MIMO) system that employs multiple 
transmit antennas to transmit over a propagation channel to multiple 
receive antennas. As in lower performance systems, the propagation 
channel in a MIMO system is subject to the deleterious effects of multipath, 

15 as well as interference from adjacent antennas. Multipath occurs when a 
transmitted signal arrives at a receiver unit through multiple propagation 
paths with differing delays. When signals arrive from multiple propagation 
paths, components of the signals can combine destructively, which is 
referred to as "fading/' In order to improve the efficiency and decrease the 

20 complexity of the MIMO system, information as to the characteristics of the 
propagation channel can be transmitted back to the transmitter unit in order 
to precondition the signal before transmission. 

Preconditioning the signal can be difficult when the characteristics of 
the propagation channel change rapidly. The channel response can change 

25 with time due to the movement of the receiver unit or changes in the 
environment surrounding the receiver unit. Given a mobile environment, 
an optimal performance requires that information regarding channel 
characteristics, such as fading and interference statistics, be determined and 
transmitted quickly to the transmitter unit before the channel characteristics 

30 change significantly. As delay of the measurement and reporting process 
increases, the utility of the channel response information decreases. A 
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present need exists for efficient techniques that will provide rapid 
determination of the channel characteristics. 



SUMMARY OF THE INVENTION 

5 

The present invention is directed to a method and apparatus for the 
measuring and reporting of channel state information in a high efficiency, 
high performance communications system, comprising the steps of: 
generating a plurality of pilot signals; transmitting the plurality of pilot 

10 signals over a propagation channel between a transmitter unit and a 
plurality of receiver units, wherein the transmitter unit comprises at least 
one transmit antenna, each of the plurality of receiver units comprises at 
least one receive antenna, and the propagation channel comprises a 
plurality of sub-channels between the transmitter unit and the plurality of 

15 receiver units; receiving at least one of the plurality of pilot signals at each 
of the plurality of receiver units; determining a set of transmission 
characteristics for at least one of the plurality of sub-channels, wherein the 
step of determining the set of transmission characteristics uses at least one of 
the plurality of pilot signals received at each of the plurality of receiver 

20 units; reporting an information signal from each of the plurality of receiver 
units to the transmitter unit, wherein the information signal carries the set 
of transmission characteristics for at least one of the plurality of sub- 
channels; and optimizing a set of transmission parameters at the transmitter 
unit, based on the information signal. 

25 In one aspect of the invention, pilot symbols are transmitted on a 

plurality of disjoint OFDM sub-channel sets. When the pilot symbols are 
transmitted on disjoint OFDM sub-channels, the characteristics of the 
propagation channel can be determined through a set of K sub-channels 
carrying the pilot symbols, wherein K is less than the number of OFDM sub- 

30 channels in the system. In addition to transmitting pilot symbols on 
disjoint sub-channels, the system can transmit a time-domain pilot 
sequence that can be used to determine characteristics of the propagation 
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channel. Along with the generation and transmission of pilot symbols, an aspect 
of the invention is the compression of the amount of information necessary to 
reconstruct the characteristics of the propagation channel. 

According to one aspect of the present invention, there is provided a 
5 method of generating pilots in a wireless multiple-input multiple output (MIMO) 
communication system, comprising: obtaining at least one pilot symbol for each 
antenna of a plurality of antennas; obtaining an orthogonal sequence for each 
antenna in the plurality of antennas; and covering the at least one pilot symbol for 
each antenna with the orthogonal sequence to obtain a sequence of covered pilot 
1 0 symbols for each antenna to obtain at least one covered pilot symbol for each of 
the plurality of antennas. 

According to another aspect of the present invention, there is 
provided a wireless communication apparatus comprising: a plurality of antennas; 
means for obtaining at least one pilot symbol for each antenna in the plurality of 
1 5 antennas; means for obtaining an orthogonal sequence for each antenna in the 
plurality of antennas; and means for covering the pilot symbol for each antenna 
with the orthogonal sequence to obtain a sequence of covered pilot symbols for 
the antenna. 

According to still another aspect of the present invention, there is 
20 provided a wireless communication apparatus comprising: a plurality of antennas; 
a plurality of modulators coupled to the plurality of antennas; and a transmit data 
processor, coupled to the plurality of modulators, that provides a plurality of 
covered pilot symbol for each antenna, wherein each covered pilot symbol is 
generated by covering a pilot symbol with an orthogonal sequence. 

25 According to yet another aspect of the present invention, there is 

provided a method of generating pilots in a wireless multiple-input multiple output 
(MIMO) communication system, comprising: generating at least one pilot symbol 
for each antenna of a plurality of antennas; and applying an orthogonal sequence 
to each pilot symbol for each antenna to obtain orthogonal pilot symbols for each 

30 antenna. 
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According to a further aspect of the present invention, there is 
provided a wireless communication apparatus comprising: a plurality of antennas; 
means for generating at least one pilot symbol for each antenna of a plurality of 
antennas; and means for applying an orthogonal sequence to each pilot symbol 
5 for each antenna to obtain orthogonal pilot symbols for each antenna. 

According to yet a further aspect of the present invention, there is 
provided a wireless communication apparatus comprising: a plurality of antennas; 
a plurality of modulators coupled to the plurality of antennas; and a transmit data 
processor, coupled to the plurality of modulators, that provides a plurality of 
1 0 orthogonal pilot symbol for each antenna, so that each pilot symbol for each 
antenna is orthogonal to the pilot symbols of the other antennas. 



CA 02690247 2010-01-25 



74769-592E 

4b 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features, nature, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
5 taken in conjunction with the drawings in which like reference characters 
identify correspondingly throughout and wherein: 

FIG. 1A is a diagram of a multiple-input multiple-output (MIMO) 
communications system; 

FIG. IB is a diagram of a OFDM-based MIMO system with feedback of 
10 channel state information; 

FIG. 1C is a diagram of an exemplary OFDM pilot signal structure that 
can be used to estimate the channel state information; 

FIG. 2 is a diagram that graphically illustrates a specific example of a 
transmission from a transmit antenna at a transmitter unit; 
15 FIG. 3 is a block diagram of a data processor and a modulator of the 

communications system shown in FIG. 1A; 

FIGS. 4A and 4B are block diagrams of two versions of a channel data 
processor that can be used for processing one channel data steam such as 
control, broadcast, voice, or traffic data; 
20 FIGS. 5A through 5C are block diagrams of the processing units that 

can be used to generate the transmit signal shown in FIG. 2; 

FIG. 6 is a block diagram of a receiver unit, having multiple receive 
antennas, which can be used to receive one or more channel data streams; 
and 

25 FIG. 7 shows plots that illustrate the spectral efficiency achievable 

with some of the operating modes of a communications system in 
accordance with one embodiment. 
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DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

FIG. 1A is a diagram of a Multiple Input/Multiple Output (MIMO) 
communications system 100 capable of implementing some embodiments 
5 of the invention. Communications system 100 can be operative to provide a 
combination of antenna, frequency, and temporal diversity to increase 
spectral efficiency, improve performance, and enhance flexibility. Increased 
spectral efficiency is characterized by the ability to transmit more bits per 
second per Hertz (bps/Hz) when and where possible to better utilize the 
10 available system bandwidth. Techniques to obtain higher spectral efficiency 
are described in further detail below. Improved performance may be 
quantified, for example, by a lower bit-error-rate (BER) or frame-error-rate 
(FER) for a given link carrier-to-noise-plus-interference ratio (C/I). And 
enhanced flexibility is characterized by the ability to accommodate multiple 

15 users having different and typically disparate requirements. These goals 
may be achieved, in part, by employing multi-carrier modulation, time 
division multiplexing (TDM), multiple transmit and/or receive antennas, 
and other techniques. The features, aspects, and advantages of the 
invention are described in further detail below. 

20 As shown in FIG. 1A, communications system 100 includes a first 

system 110 in communication with a second system 120. System 110 
includes a (transmit) data processor 112 that (1) receives or generates data, (2) 
processes the data to provide antenna, frequency, or temporal diversity, or a 
combination thereof, and (3) provides processed modulation symbols to a 

25 number of modulators (MOD) 114a through 114t. Each modulator 114 
further processes the modulation symbols and generates an RF modulated 
signal suitable for transmission. The RF modulated signals from 
modulators 114a through 114t are then transmitted from respective 
antennas 116a through 116t over communications links 118 to system 120. 

30 In FIG. 1A, system 120 includes a number of receive antennas 122a 

through 122r that receive the transmitted signals and provide the received 
signals to respective demodulators (DEMOD) 124a through 124r. As shown 
in FIG. 1A, each receive antenna 122 may receive signals from one or more 



WO 01/76110 



CA 02690247 2010-01-25 



PCT/US01/09114 



6 

transmit antennas 116 depending on a number of factors such as, for 
example, the operating mode used at system 110, the directivity of the 
transmit and receive antennas, the characteristics of the communications 
links, and others. Each demodulator 124 demodulates the respective 
5 received signal using a demodulation scheme that is complementary to the 
modulation scheme used at the transmitter. The demodulated symbols 
from demodulators 124a through 124r are then provided to a (receive) data 
processor 126 that further processes the symbols to provide the output data. 
The data processing at the transmitter and receiver units is described in 
10 further detail below. 

FIG. 1A shows only the forward link transmission from system 110 to 
system 120. This configuration may be used for data broadcast and other 
one-way data transmission applications. In a bi-directional communications 
system, a reverse link from system 120 to system 110 is also provided, 
15 although not shown in FIG. 1A for simplicity. For the bi-directional 
communications system, each of systems 110 and 120 may operate as a 
transmitter unit or a receiver unit, or both concurrently, depending on 
whether data is being transmitted from, or received at, the unit. 

For simplicity, communications system 100 is shown to include one 
20 transmitter unit (i.e., system 110) and one receiver unit (i.e., system 120). 
However, in general, multiple transmit antennas and multiple receive 
antennas are present on each transmitter unit and each receiver unit. The 
communications system of the invention may include any number of 
transmitter units and receiver units. 
25 Each transmitter unit may include a single transmit antenna or a 

number of transmit antennas, such as that shown in FIG. 1A. Similarly, 
each receiver unit may include a single receive antenna or a number of 
receive antennas, again such as that shown in FIG. 1A. For example, the 
communications system may include a central system (i.e., similar to a base 
30 station in the IS-95 CDMA system) having a number of antennas that 
transmit data to, and receive data from, a number of remote systems (i.e., 
subscriber units, similar to remote stations in the CDMA system), some of 
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which may include one antenna and others of which may include multiple 
antennas. 

As used herein, an antenna refers to a collection of one or more 
antenna elements that are distributed in space. The antenna elements may 
5 be physically located at a single site or distributed over multiple sites. 
Antenna elements physically co-located at a single site may be operated as an 
antenna array (e.g., such as for a CDMA base station). An antenna network 
consists of a collection of antenna arrays or elements that are physically 
separated (e.g., several CDMA base stations). An antenna array or an 

10 antenna network may be designed with the ability to form beams and to 
transmit multiple beams from the antenna array or network. For example, 
a CDMA base station may be designed with the capability to transmit up to 
three beams to three different sections of a coverage area (or sectors) from 
the same antenna array. Thus, the three beams may be viewed as three 

15 transmissions from three antennas. 

The communications system of the invention can be designed to 
provide a multi-user, multiple access communications scheme capable of 
supporting subscriber units having different requirements as well as 
capabilities. The scheme allows the system's total operating bandwidth, W, 

20 (e.g, 1.2288 MHz) to be efficiently shared among different types of services 
that may have highly disparate data rate, delay, and quality of service (QOS) 
requirements. 

Examples of such disparate types of services include voice services 
and data services. Voice services are typically characterized by a low data 

25 rate (e.g., 8 kbps to 32 kbps), short processing delay (e.g., 3 msec to 100 msec 
overall one-way delay), and sustained use of a communications channel for 
an extended period of time. The short delay requirements imposed by voice 
services typically require a small fraction of the system resources to be 
dedicated to each voice call for the duration of the call. In contrast, data 

30 services are characterized by "bursty" traffics in which variable amounts of 
data are sent at sporadic times. The amount of data can vary significantly 
from burst-to-burst and from user-to-user. For high efficiency, the 
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communications system of the invention can be designed with the 
capability to allocate a portion of the available resources to voice services as 
required and the remaining resources to data services. A fraction .of the 
available system resources may also be dedicated for certain data services or 
5 certain types of data services. 

The distribution of data rates achievable by each subscriber unit can 
vary widely between some minimum and maximum instantaneous values 
(e.g., from 200 kbps to over 20 Mbps). The achievable data rate for a 
particular subscriber unit at any given moment may be influenced by a 
10 number of factors such as the amount of available transmit power, the 
quality of the communications link (i.e., the C/I), the coding scheme, and 
others. The data rate requirement of each subscriber unit may also vary 
widely between a minimum value (e.g., 8 kbps, for a voice call) all the way 
up to the maximum supported instantaneous peak rate (e.g., 20 Mbps for 
15 bursty data services). 

The percentage of voice and data traffic is typically a random variable 
that changes over time. In accordance with certain aspects of the invention, 
to efficiently support both types of services concurrently, the 
communications system of the invention is designed with the capability to 
20 dynamic allocate the available resources based on the amount of voice and 
data traffic. A scheme to dynamically allocate resources is described below. 
Another scheme to allocate resources is described in the aforementioned 
U.S. Patent Application Serial No. 08/963,386. 

The communications system of the invention provides the above- 
25 described features and advantages, and is capable of supporting different 
types of services having disparate requirements. The features are achieved 
by employing antenna, frequency, or temporal diversity, or a combination 
thereof. Antenna, frequency, or temporal diversity can be independently 
achieved and dynamically selected. 
30 As used herein, antenna diversity refers to the transmission and /or 

reception of data over more than one antenna, frequency diversity refers to 
the transmission of data over more than one sub-band, and temporal 
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diversity refers to the transmission of data over more than one time period. 
Antenna, frequency, and temporal diversity may include subcategories. For 
example, transmit diversity refers to the use of more than one transmit 
antenna in a manner to improve the reliability of the communications link, 
5 receive diversity refers to the use of more than one receive antenna in a 
manner to improve the reliability of the communications link, and spatial 
diversity refers to the use of multiple transmit and receive antennas to 
improve the reliability and/or increase the capacity of the communications 
link. Transmit and receive diversity can also be used in combination to 
10 improve the reliability of the communications link without increasing the 
link capacity. Various combinations of antenna, frequency, and temporal 
diversity can thus be achieved and are within the scope of the present 
invention. 

Frequency diversity can be provided by use of a multi-carrier 
15 modulation scheme such as orthogonal frequency division multiplexing 
(OFDM), which allows for transmission of data over various sub-bands of 
the operating bandwidth. Temporal diversity is achieved by transmitting 
the data over different times, which can be more easily accomplished with 
the use of time-division multiplexing (TDM). These various aspects of the 
20 communications system of the invention are described in further detail 
below. 

In accordance with an aspect of the invention, antenna diversity is 
achieved by employing a number of (N T ) transmit antennas at the 
transmitter unit or a number of (N R ) receive antennas at the receiver unit, 

25 or multiple antennas at both the transmitter and receiver units. In a 
terrestrial communications system (e.g., a cellular system, a broadcast 
system, an MMDS system, and others), an RF modulated signal from a 
transmitter unit may reach the receiver unit via a number of transmission 
paths. The characteristics of the transmission paths typically vary over time 

30 based on a number of factors. If more than one transmit or receive antenna 
is used, and if the transmission paths between the transmit and receive 
antennas are independent (i.e., uncorrelated), which is generally true to at 
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least an extent, then the likelihood of correctly receiving the transmitted 
signal increases as the number of antennas increases. Generally, as the 
number of transmit and receive antennas increases, diversity increases and 
performance improves. 
5 Antenna diversity is dynamically provided based on the 

characteristics of the communications link to provide the required 
performance. For example, a higher degree of antenna diversity can be 
provided for some types of communication (e.g., signaling), for some types 
of services (e.g., voice), for some communications link characteristics (e.g., 
10 low C/I), or for some other conditions or considerations. 

As used herein, antenna diversity includes transmit diversity and 
receive diversity. For transmit diversity, data is transmitted over multiple 
transmit antennas. Typically, additional processing is performed on the data 
transmitted from the transmit antennas to achieve the desired diversity. 
15 For example, the data transmitted from different transmit antennas may be 
delayed or reordered in time, or coded and interleaved across the available 
transmit antennas. Also, frequency and temporal diversity may be used in 
conjunction with the different transmit antennas. For receive diversity, 
modulated signals are received on multiple receive antennas, and diversity 
20 is achieved by simply receiving the signals via different transmission paths. 

In accordance with another aspect of the invention, frequency 
diversity can be achieved by employing a multi-carrier modulation scheme. 
One such scheme that has numerous advantages is OFDM. With OFDM 
modulation, the overall transmission channel is essentially divided into a 
25 number of (L) parallel sub-channels that are used to transmit the same or 
different data. The overall transmission channel occupies the total 
operating bandwidth of W, and each of the sub-channels occupies a sub- 
band having a bandwidth of W/L and centered at a different center 
frequency. Each sub-channel has a bandwidth that is a portion of the total 
30 operating bandwidth. Each of the sub-channels may also be considered an 
independent data transmission channel that may be associated with a 
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particular (and possibly unique) processing, coding, and modulation 
scheme, as described below. 

The data may be partitioned and transmitted over any defined set of 
two or more sub-bands to provide frequency diversity. For example, the 
5 transmission to a particular subscriber unit may occur over sub-channel 1 at 
time slot 1, sub-channel 5 at time slot 2, sub-channel 2 at time slot 3, and so 
on. As another example, data for a particular subscriber unit may be 
transmitted over sub-channels 1 and 2 at time slot 1 (e.g., with the same data 
being transmitted on both sub-channels), sub-channels 4 and 6 at time slot 2, 
10 only sub-channel 2 at time slot 3, and so on. Transmission of data over 
different sub-channels over time can improve the performance of a 
communications system experiencing frequency selective fading and 
channel distortion. Other benefits of OFDM modulation are described 
below. 

15 In accordance with yet another aspect of the invention, temporal 

diversity is achieved by transmitting data at different times, which can be 
more easily accomplished using time division multiplexing (TDM). For 
data services (and possibly for voice services), data transmission occurs over 
time slots that may be selected to provide immunity to time dependent 

20 degradation in the communications link. Temporal diversity may also be 
achieved through the use of interleaving. 

For example, the transmission to a particular subscriber unit may 
occur over time slots 1 through x, or on a subset of the possible time slots 
from 1 through x (e.g., time slots 1, 5, 8, and so on). The amount of data 

25 transmitted at each time slot may be variable or fixed. Transmission over 
multiple time slots improves the likelihood of correct data reception due to, 
for example, impulse noise and interference. 

The combination of antenna, frequency, and temporal diversity 
allows the communications system of the invention to provide robust 

30 performance. Antenna, frequency, and/or temporal diversity improves the 
likelihood of correct reception of at least some of the transmitted data, 
which may then be used (e.g., through decoding) to correct for some errors 
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that may have occurred in the other transmissions. The combination of 
antenna, frequency, and temporal diversity also allows the communications 
system to concurrently accommodate different types of services having 
disparate data rate, processing delay, and quality of service requirements. 
5 The communications system of the invention can be designed and 

operated in a number of different communications modes, with each 
communications mode employing antenna, frequency, or temporal 
diversity, or a combination thereof. The communications modes include, 
for example, a diversity communications mode and a MIMO 
10 communications mode. Various combinations of the diversity and MIMO 
communications modes can also be supported by the communications 
system. Also, other communications modes can be implemented and are 
within the scope of the present invention. 

The diversity communications mode employs transmit ?vA/?.r 
15 receive diversity, frequency, or temporal diversity, or a combination I- . . : em, 
and is generally used to improve the reliability of the communications link. 
In one implementation of the diversity communications mode, the 
transmitter unit selects a modulation and coding scheme (i.e., 
configuration) from a finite set of possible configurations, which are known 
20 to the receiver units. For example, each overhead and common channel 
may be associated with a particular configuration that is known to all 
receiver units. When using the diversity communications mode for a 
specific user (e.g., for a voice call or a data transmission), the mode and/or 
configuration may be known a priori (e.g., from a previous set up) or 
25 negotiated (e.g., via a common channel) by the receiver unit. 

In the diversity communications mode, data is transmitted on one or 
more sub-channels, from one or more antennas, and at one or more time 
periods. The allocated sub-channels may be associated with the same 
antenna, or may be sub-channels associated with different antennas. In a 
30 common application of the diversity communications mode, which is also 
referred to as a "pure" diversity communications mode, data is transmitted 
from all available transmit antennas to the destination receiver unit. The 
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pure diversity communications mode can be used in instances where the 
data rate requirements are low or when the C/I is low, or when both are 
true. 

The MIMO communications mode employs antenna diversity at both 
5 ends of the communication link and is generally used to improve both the 
reliability and increase the capacity of the communications link The MIMO 
communications mode may further employ frequency and/or temporal 
diversity in combination with the antenna diversity. The MIMO 
communications mode, which may also be referred to herein as the spatial 
10 communications mode, employs one or more processing modes to be 
described below. 

The diversity communications mode generally has lower spectral 
efficiency than the MIMO communications mode, especially at high C/I 
levels. However, at low to moderate C/I values, the diversity 
15 communications mode achieves comparable efficiency and can be simpler to 
implement. In general, the use of the MIMO communications mode 
provides greater spectral efficiency when used, particularly at moderate to 
high C/I values. The MIMO communications mode may thus be 
advantageously used when the data rate requirements are moderate to high. 
20 The communications system can be designed to concurrently support 

both diversity and MIMO communications modes. The communications 
modes can be applied in various manners and, for increased flexibility, may 
be applied independently on a sub-channel basis. The MIMO 
communications mode is typically applied to specific users. However, each 
25 communications mode may be applied on each sub-channel independently, 
across a subset of sub-channels, across all sub-channels, or on some other 
basis. For example, the use of the MIMO communications mode may be 
applied to a specific user (e.g., a data user) and, concurrently, the use of the 
diversity communications mode may be applied to another specific user 
30 (e.g., a voice user) on a different sub-channel. The diversity 
communications mode may also be applied, for example, on sub-channels 
experiencing higher path loss. 
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The communications system of the invention can also be designed to 
support a number of processing modes. When the transmitter unit is 
provided with information indicative of the conditions (i.e., the "state") of 
the communications links, additional processing can be performed at the 
5 transmitter unit to further improve performance and increase efficiency. 
Full channel state information (CSI) or partial CSI may be available to the 
transmitter unit. Full CSI includes sufficient characterization of the 
propagation path (i.e., amplitude and phase) between all pairs of transmit 
and receive antennas for each sub-band. Full CSI also includes the C/I per 

10 sub-band. The full CSI may be embodied in a set of matrices of complex gain 
values that are descriptive of the conditions of the transmission paths from 
the transmit antennas to the receive antennas, as described below. Partial 
CSI may include, for example, the C/I of the sub-band . With full CSI or 
partial CSI, the transmitter unit pre-conditions the data prior to 

15 transmission to receiver unit. 

The transmitter unit can precondition the signals presented to the 
transmit antennas in a way that is unique to a specific receiver unit (e.g., the 
pre-conditioning is performed for each sub-band assigned to that receiver 
unit). As long as the channel does not change appreciably from the time it is 

20 measured by the receiver unit and subsequently sent back to the transmitter 
and used to precondition the transmission, the intended receiver unit can 
demodulate the transmission. In this implementation, a full-CSI based 
MIMO communication can only be demodulated by the receiver unit 
associated with the CSI used to precondition the transmitted signals. 

25 In the partial-CSI or no-CSI processing modes, the transmitter unit 

can employ a common modulation and coding scheme (e.g., on each data 
channel transmission), which then can be (in theory) demodulated by all 
receiver units. In the partial-CSI processing mode, a single receiver unit can 
specify the C/I, and the modulation employed on all antennas can be 

30 selected accordingly (e.g., for reliable transmission) for that receiver unit. 
Other receiver units can attempt to demodulate the transmission and, if 
they have adequate C/I, may be able to successfully recover the 
transmission. A common (e.g., broadcast) channel can use a no-CSI 
processing mode to reach all users. 

35 As an example, assume that the MIMO communications mode is 

applied to a channel data stream that is transmitted on one particular sub- 
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channel from four transmit antennas. The channel data stream is 
demultiplexed into four data sub-streams, one data sub-stream for each 
transmit antenna. Each data sub-stream is then modulated using a 
particular modulation scheme (e.g., M-PSK, M-QAM, or other) selected 
5 based on the CSI for that sub-band and for that transmit antenna. Four 
modulation sub-streams are thus generated for the four data sub-streams, 
with each modulation sub-streams including a stream of modulation 
symbols. The four modulation sub-streams are then pre-conditioned using 
the eigenvector matrix, as expressed below in equation (1), to generate pre- 
10 conditioned modulation symbols. The four streams of pre-conditioned 
modulation symbols are respectively provided to the four combiners of the 
four transmit antennas. Each combiner combines the received pre- 
conditioned modulation symbols with the modulation symbols for the 
other sub-channels to generate a modulation symbol vector stream for the 
15 associated transmit antenna. 

The full-CSI based processing is typically employed in the MIMO 
communications mode where parallel data streams are transmitted to a 
specific user on each of the channel eigenmodes for the each of the allocated 
sub-channels. Similar processing based on full CSI can be performed where 
20 transmission on only a subset of the available eigenmodes is accommodated 
in each of the allocated sub-channels(e.g., to implement beam steering). 
Because of the cost associated with the full-CSI processing (e.g., increased 
complexity at the transmitter and receiver units, increased overhead for the 
transmission of the CSI from the receiver unit to the transmitter unit, and 
25 so on), full-CSI processing can be applied in certain instances in the MIMO 
communications mode where the additional increase in performance and 
efficiency is justified. 

In instances where full CSI is not available, less descriptive 
information on the transmission path (or partial CSI) may be available and 
30 can be used to pre-condition the data prior to transmission. For example, 
the C/I of each of the sub-channels may be available. The C/I information 
can then be used to control the transmission from various transmit 
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antennas to provide the required performance in the sub-channels of 
interest and increase system capacity. 

As used herein, full-CSI based processing modes denote processing 
modes that use full CSI, and partial-CSI based processing modes denote 
5 processing modes that use partial CSI. The full-CSI based processing modes 
include, for example, the full-CSI MIMO mode that utilizes full-CSI based 
processing in the MIMO communications mode. The partial-CSI based 
modes include, for example, the partial-CSI MIMO mode that utilizes 
partial-CSI based processing in the MIMO communications mode. 
10 In instances where full-CSI or partial-CSI processing is employed to 

allow the transmitter unit to pre-condition the data using the available 
channel state information (e.g., the eigenmodes or C/I), feedback 
information from the receiver unit is required, which uses a portion of the 
reverse link capacity. Therefore, there is a cost associated with the full-CSI 
15 and the partial-CSI based processing modes. The cost should be factored into 
the choice of which processing mode to employ. The partial-CSI based 
processing mode requires less overhead and may be more efficient in some 
instances. The no-CSI based processing mode requires no overhead and 
may also be more efficient than the full-CSI based processing mode or the 
20 partial-CSI based processing mode under some other circumstances. 

FIG. 2 is a diagram that graphically illustrates at least some of the 
aspects of the communications system of the invention. FIG. 2 shows a 
specific example of a transmission from one of N T transmit antennas at a 
transmitter unit. In FIG. 2, the horizontal axis is time and the vertical axis is 
25 frequency. In this example, the transmission channel includes 16 sub- 
channels and is used to transmit a sequence of OFDM symbols, with each 
OFDM symbol covering all 16 sub-channels (one OFDM symbol is indicated 
at the top of FIG. 2 and includes all 16 sub-bands). A TDM structure is also 
illustrated in which the data transmission is partitioned into time slots, 
30 with each time slot having the duration of, for example, the length of one 
modulation symbol (i.e., each modulation symbol is used as the TDM 
interval). 
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The available sub-channels can be used to transmit signaling, voice, 
traffic data, and others. In the example shown in FIG. 2, the modulation 
symbol at time slot 1 corresponds to pilot data, which is periodically 
transmitted to assist the receiver units to synchronize and perform channel 
5 estimation. Other techniques for distributing pilot data over time and 
frequency can also be used and are within the scope of the present 
invention. In addition, it may be advantageous to utilize a particular 
modulation scheme during the pilot interval if all sub-channels are 
employed (e.g., a PN code with a chip duration of approximately 1/W). 
10 Transmission of the pilot modulation symbol typically occurs at a particular 
frame rate, which is usually selected to be fast enough to permit accurate 
tracking of variations in the communications link. 

The time slots not used for pilot transmissions can then be used to 
transmit various types of data. For example, sub-channels 1 and 2 may be 
15 reserved for the transmission of control and broadcast data to the receiver 
units. The data on these sub-channels is generally intended to be received 
by all receiver units. However, some of the messages on the control 
channel may be user specific, and can be encoded accordingly. 

Voice data and traffic data can be transmitted in the remaining sub- 
20 channels. For the example shown in FIG. 2, sub-channel 3 at time slots 2 
through 9 is used for voice call 1, sub-channel 4 at time slots 2 through 9 is 
used for voice call 2, sub-channel 5 at time slots 5 through 9 is used for voice 
call 3, and sub-channel 6 at time slots 7 through 9 is used for voice call 5. 

The remaining available sub-channels and time slots may be used for 
25 transmissions of traffic data. In the example shown in FIG. 2, data 1 
transmission uses sub-channels 5 through 16 at time slot 2 and sub-channels 
7 through 16 at time slot 7, data 2 transmission uses sub-channels 5 through 
16 at time slots 3 and 4 and sub-channels 6 through 16 at time slots 5, data 3 
transmission uses sub-channels 6 through 16 at time slot 6, data 4 
30 transmission uses sub-channels 7 through 16 at time slot 8, data 5 
transmission uses sub-channels 7 through 11 at time slot 9, and data 6 
transmission uses sub-channels 12 through 16 at time slot 9. Data 1 through 
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6 transmissions can represent transmissions of traffic data to one or more 
receiver units. 

The communications system of the invention flexibly supports the 
transmissions of traffic data. As shown in FIG. 2, a particular data 
5 transmission (e.g., data 2) may occur over multiple sub-channels and/or 
multiple time slots, and multiple data transmissions (e.g., data 5 and 6) may 
occur at one time slot. A data transmission (e.g., data 1) may also occur over 
non-contiguous time slots. The system can also be designed to support 
multiple data transmissions on one sub-channel. For example, voice data 
10 may be multiplexed with traffic data and transmitted on a single sub- 
channel. 

The multiplexing of the data transmissions can potentially change 
from OFDM symbol to symbol. Moreover, the communications mode may 
be different from user to user (e.g., from one voice or data transmission to 

15 other). For example, the voice users may use the diversity communications 
mode, and the data users may use the MIMO communications modes. This 
concept can be extended to the sub-channel level. For example, a data user 
may use the MIMO communications mode in sub-channels that have 
sufficient C/I and the diversity communications mode in remaining sub- 

20 channels. 

Antenna, frequency, and temporal diversity may be respectively 
achieved by transmitting data from multiple antennas, on multiple sub- 
channels in different sub-bands, and over multiple time slots. For example, 
antenna diversity for a particular transmission (e.g., voice call 1) may be 

25 achieved by transmitting the (voice) data on a particular sub-channel (e.g., 
sub-channel 1) over two or more antennas. Frequency diversity for a 
particular transmission (e.g., voice call 1) may be achieved by transmitting 
the data on two or more sub-channels in different sub-bands (e.g., sub- 
channels 1 and 2). A combination of antenna and frequency diversity may 

30 be obtained by transmitting data from two or more antennas and on two or 
more sub-channels. Temporal diversity may be achieved by transmitting 
data over multiple time slots. For example, as shown in FIG. 2, data 1 
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transmission at time slot 7 is a portion (e.g., new or repeated) of the data 1 
transmission at time slot 2. 

The same or different data may be transmitted from multiple 
antennas and/ or on multiple sub-bands to obtain the desired diversity. For 
5 example, the data may be transmitted on: (1) one sub-channel from one 
antenna, (2) one sub-channel (e.g., sub-channel 1) from multiple antennas, 
(3) one sub-channel from all N T antennas, (4) a set of sub-channels (e.g., sub- 
channels 1 and 2) from one antenna, (5), a set of sub-channels from multiple 
antennas, (6) a set of sub-channels from all N T antennas, or (7) a set of 
10 channels from a set of antennas (e.g., sub-channel 1 from antennas 1 and 2 at 
one time slot, sub-channels 1 and 2 from antenna 2 at another time slot, and 
so on). Thus, any combination of sub-channels and antennas may be used 
to provide antenna and frequency diversity. 

In accordance with certain embodiments of the invention that 
15 provide the most flexibility and are capable of achieving high performance 
and efficiency, each sub-channel at each time slot for each transmit antenna 
may be viewed as an independent unit of transmission (i.e., a modulation 
symbol) that can be used to transmit any type of data such as pilot, signaling, 
broadcast, voice, traffic data, and others, or a combination thereof (e.g., 
20 multiplexed voice and traffic data). In such design, a voice call may be 
dynamically assigned different sub-channels over time. 

Flexibility, performance, and efficiency are further achieved by 
allowing for independence among the modulation symbols, as described 
below. For example, each modulation symbol may be generated from a 
25 modulation scheme (e.g., M-PSK, M-QAM, and others) that results in the 
best use of the resource at that particular time, frequency, and space. 

A number of constraints may be placed to simplify the design and 
implementation of the transmitter and receiver units. For example, a voice 
call may be assigned to a particular sub-channel for the duration of the call, 
30 or until such time as a sub-channel reassignment is performed. Also, 
signaling and /or broadcast data may be designated to some fixed sub- 
channels (e.g., sub-channel 1 for control data and sub-channel 2 for broadcast 
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data, as shown in FIG. 2) so that the receiver units know a priori which sub- 
channels to demodulate to receive the data. 

Also, each data transmission channel or sub-channel may be 
restricted to a particular modulation scheme (e.g v M-PSK, M-QAM) for the 
5 duration of the transmission or until such time as a new modulation 
scheme is assigned. For example, in FIG. 2, voice call 1 on sub-channel 3 
may use QPSK, voice call 2 on sub-channel 4 may use 16-QAM, data 1 
transmission at time slot 2 may use S-PSK, data 2 transmission at time slots 
3 through 5 may use 16-QAM, and so on. 
10 The use of TDM allows for greater flexibility in the transmission of 

voice data and traffic data, and various assignments of resources can be 
contemplated. For example, a user can be assigned one sub-channel for each 
time slot or, equivalently, four sub-channels every fourth time slot, or some 
other allocations. TDM allows for data to be aggregated and transmitted at 
15 designated time slot(s) for improved efficiency. 

If voice activity is implemented at the transmitter, then in the 
intervals where no voice is being transmitted, the transmitter may assign 
other users to the sub-channel so that the sub-channel efficiency is 
maximized. In the event that no data is available to transmit during the 
20 idle voice periods, the transmitter can decrease (or turn-off) the power 
transmitted in the sub-channel, reducing the interference levels presented 
to other users in the system that are using the same sub-channel in another 
cell in the network. The same feature can be also extended to the overhead, 
control, data, and other channels. 
25 Allocation of a small portion of the available resources over a 

continuous time period typically results in lower delays, and may be better 
suited for delay sensitive services such as voice. Transmission using TDM 
can provide higher efficiency, at the cost of possible additional delays. The 
communications system of the invention can allocate resources to satisfy 
30 user requirements and achieve high efficiency and performance. 

Measuring and Reporting Channel State Information In A MIMO System 
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Given the complexity of a system using multiple transmit antennas 
and multiple receive antennas, with the associated dispersive channel 
effects, the preferred modulation technique is OFDM, which effectively 
decomposes the channel into a set of non-interfering narrowband channels, 
5 or sub-channels. With proper OFDM signal design, a signal transmitted on 
one subchannel sees "flat fading", i.e., the channel response is effectively 
constant over the subchannel bandwidth. The channel state information or 
CSI includes sufficient characterization of the propagation path (i.e., 
amplitude and phase) between all pairs of transmit and receive antennas for 

10 each sub-channel. CSI also includes the information of the relative levels of 
interference and noise in each sub-channel, that is known as C/I 
information. The CSI may be embodied in a set of matrices of complex gain 
values that are descriptive of the conditions of the transmission paths from 
the transmit antennas to the receive antennas, as described below. With 

15 CSI, the transmitter unit pre-conditions the data prior to transmission to 
receiver unit. 

CSI processing is briefly described below. When the CSI is available at 
the transmitter unit, a simple approach is to decompose the multi- 
input/multi-output channel into a set of independent channels. Given the 

20 channel transfer function at the transmitters, the left eigenvectors may be 
used to transmit different data streams. The modulation alphabet used 
with each eigenvector is determined by the available C/I of that mode, given 
by the eigenvalues. If H is the N R x N T matrix that gives the channel 
response for the N T transmitter antenna elements and N R receiver antenna 

25 elements at a specific time, and x is the N T -vector of inputs to the channel, 
then the received signal can be expressed as: 

y=Hx + n 

where n is an N R -vector representing noise plus interference. The 
eigenvector decomposition of the Hermitian matrix formed by the product 
30 of the channel matrix with its conjugate-transpose can be expressed as: 
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H*H- EEE* , 

where the symbol * denotes conjugate-transpose, E is the eigenvector 
matrix, and E i s a diagonal matrix of eigenvalues, both of dimension 
N T xN T .The transmitter converts a set of N T modulation symbols b using the 
5 eigenvector matrix E. The transmitted modulation symbols from the N T 
transmit antennas can thus be expressed as: 

x = £b . 

For all antennas, the pre-conditioning can thus be achieved by a matrix 
multiply operation expressed as: 

10 
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15 where b v b 2 , ... and b^ are respectively the modulation symbols ioz 5 
particular sub-channel at transmit antennas 1, 2, ...N T , where 
each modulation symbol can be generated using, for example, 
M-PSK, M-QAM, and so on, as described below; 
E = is the eigenvector matrix related to the transmission loss from 
20 transmit antennas to the receive antennas; and 

x v x 2 , ... x NT are the pre-conditioned modulation symbols, which can be 
expressed as: 

x l =h x »e lx +b 2 *e n + ... +b„*e lN 
x 2 =b l »e 21 +b 2 *e 22 + ... +b Nr »e Wj ^ 
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X N T = b l * e N T l + b 2* e N T 2 + - + b N T * e N T N T ■ 



Since H*H is Hermitian, the eigenvector matrix is unitary. Thus, if the 
elements of bhave equal power, the elements of x also have equal power. 
5 The received signal may then be expressed as: 

y = fflSb + n^ . 

The receiver performs a channel-matched-filter operation, followed 
by multiplication by the right eigenvectors. The result of the channel- 
matched-filter operation is the vector z, which can be expressed as: 

10 z = £*H*H£b +E*H*n= Eb + f Eq ( 2 ) 

where the new noise term has covariance that can be expressed as: 
E(M*) = £(£*H WHS) = E*B*HE= A / 

i.e., the noise components are independent with variance given by the 
eigenvalues. The C/I of the i-th component of z is ^ , the i-th diagonal 

15 element of ^ . 

The transmitter unit can thus select a modulation alphabet (i.e., 
signal constellation) for each of the eigenvectors based on the C/I that is 
given by the eigenvalue. Provided that the channel conditions do not 
change appreciably in the interval between the time the CSI is measured at 

20 the receiver and reported and used to precondition the transmission at the 
transmitter, the performance of the communications system will be 
equivalent to that of a set of independent AWGN channels with known 
C/Ts. 

Such a system is illustrated in FIG- IB. At step 141, the transmitter 
25 unit 140 converts data into multiple data sub-channels. Different QAM 
constellations are employed, depending upon the SNR of the mode and sub- 
channel. The data for each sub-channel is preconditioned by the eigenmode 
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matrix for that sub-channel. At step 142, the preconditioned data for a 
particular antenna undergoes an inverse-Fast Fourier Transform (IFFT) 
operation to produce a time-domain signal At step 143, a cyclic extension or 
a cyclic prefix is appended to the time-domain signal in order to maintain 
5 orthogonality among the OFDM sub-channels in the presence of time- 
dispersion in the propagation channel. One extended symbol value is 
generated for each OFDM sub-channel and will be referred to hereafter as an 
OFDM symbol. At step 144, the OFDM symbols are transmitted from the 
multiple transmit antennas. 

10 Multiple antennas at a receiver unit 145 receive signals at step 146. At 

step 147, the received signals undergo a Discrete Fourier Transform (DFT) 
operation to channelize the received signals. At step 148, the data from each 
subchannel over all of the receive antennas is processed. At this processing 
step, information regarding channel characteristics is extracted from the 

15 data, and converted into a more compressed format. One compression 
technique is the use of the conjugate channel response and the eigenmode 
matrix to reduce the amount of information needed to describe channel 
characteristics. At step 149, a message containing the compressed channel 
state information is transmitted from the receiver unit 145 to the 

20 transmitter unit 140, which will then be used to precondition further 
transmissions. 

To facilitate the derivation of the CSI, the transmit waveform is made 
up of known pilot symbols for an initial preamble. The pilot waveforms for 
different transmit antennas comprise disjoint sets of OFDM subchannels as 

25 illustrated for the case when N k = 4 in FIG. 1C. 

With OFDM modulation, the propagation channel is divided into L 
parallel sub-channels. In order to determine the CSI quickly, an initial 
preamble consisting entirely of known symbols is transmitted. In order to 
efficiently distinguish the differing channel responses of the different 

30 transmit-receive antenna patterns, the pilot signals are assigned disjoint 
subsets of sub-channels. FIG. 1C is a diagram of an exemplary OFDM pilot 
structure composed of disjoint sub-channel subsets. A sub-channel set 
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composed of sub-channels {0, 1, 2, . . 2 n -l} is decomposed into four disjoint 
sub-channel subsets A = {0, 4, 8, . . ., 2 n -4}, B = {1, 5, 9, . . . , 2 n -3}, C = {2, 6, 10, . . 
., 2 n -2} and D = {3, 7, 11, . . ., 2 n -l}. Sub-channel subset A 150 is transmitted on 
transmit antenna Txl 151, sub-channel subset B 152 is transmitted on 
5 transmit antenna Tx2 153, sub-channel subset C 154 is transmitted on 
transmit antenna Tx3 155, and sub-channel subset D 156 is transmitted on 
transmit antenna Tx4 157. Generally, each transmit antenna transmits on 
every sub-channel across the channel so that all sub-channels are 
disjoint between transmit antennas. Known pilot symbols can be 
10 transmitted on all sub-channels in a sub-channel subset. The minimum 
spacing between the sub-channels used by a particular transmit antenna is a 
function of the channel parameters. If the channel response has a large 
delay spread, then a close spacing may be necessary. If the number of 
antennas is large enough that the required spacing may not be achieved for 
15 all users with a single OFDM symbol, then a number of consecutive OFDM 
symbols may be employed, with each antenna assigned a disjoint subset of 
sub-channels on one or more of the multiple pilot symbols. 

From each transmit antenna at a transmitter unit, the receiver unit 
receives pilot symbols on disjoint sub-channels and makes determinations 
20 as to channel characteristics of the disjoint sub-channels. As discussed 
previously, the receiver unit may have one or more receive antennas. 
Suppose x = {x i7 i =1, . . K} are the pilot symbol values that are to be 
transmitted on K pilot sub-channels for a single transmit antenna. The 
receiver unit will receive the values y i} = h-oq + n^ wherein h, is the complex 
25 channel response for the i m pilot sub-channel received at the j* receive 
antenna, and n- is noise. From this relationship, the receiver unit can 
determine noisy estimates of the channel response of K sub-channels of a 
single transmit antenna. These noisy estimates may be used to derive 
estimates for all sub-channels of the propagation channel through a number 
30 of different methods, such as simple interpolation to more complex 
estimation using a priori information on the channel dispersion and noise 
level. The estimates may be improved by transmitting pilot symbols over 
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consecutive OFDM symbols and then averaging the estimates for each 
consecutive OFDM symbol. 

Estimates are generated at each receive antenna for each transmit 
antenna broadcasting pilot symbols. The CSI for the complete propagation 
5 channel can be represented by the set of channel response matrices {H^ i = 1, 
2, . . . , 2 n }, where matrix is associated with the i fc sub-channel, and the 
elements of each matrix H £ are {fhjk>j = h.~,N r ,k = l,.„,N t } t the complex 

channel response values for each of the N t transmit and K receive 
antennas. 

10 The use of disjoint sub-channel subsets can further be applied in a 

system wherein multiple links, e.g., a propagation channel from a 
transmitter unit to one or more receiver units, are located in close 
proximity. In a system where a base station transmits signals according to 
sectors, the transmission area of a sector can overlap the transmission area 
15 of another sector. In an ideal base station, transmit antennas in each sector 
transmit signals in a direction that is completely disjoint from the directions 
assigned to the transmit antennas of the other sectors. Unfortunately, 
overlapping areas exist in most sectored base stations. Using this 
embodiment of the invention, all transmit antennas of a base station are 
20 assigned disjoint subsets of sub-channels to avoid interference between the 
sectors of that base station. Similarly, neighboring base stations may also be 
the cause of significant interference, and disjoint sets of sub-channels may be 
assigned among base stations. 

In general, the computation of the channel response can be made for 
25 every link that is assigned a disjoint sub-channel subset, in the same 
manner as the response is computed for the principle link. However, a 
reduced amount of CSI from these interfering links may be reported to the 
transmitter unit. For example, information as to the average total 
interference level of neighboring links can be transmitted and used to 
30 determine the supportable data rate of the principle link. If several 
interfering links dominate the average total interference level, then the 
interference information of these links may be reported individually to the 
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system in order to determine a more efficient grouping of sub-channels in 
each disjoint sub-channel subset. 

Other CSI information that can be conveyed to the transmitter unit is 
the total measured power in sub-channels not assigned to the principal link. 
5 The total measured power of sub-channels assigned to neighboring links 
gives an estimate of the total interference plus noise power. If several 
OFDM symbols are used as the pilot symbol, then the mean measured 
channel response and the actual received signal values may be used to make 
a direct estimate of the total noise in a given sub-channeL 

10 In general, the assignment of sub-channels for a network of base 

stations should follow a pattern of "frequency-reuse," wherein the same 
sub-channels are used only when the links are sufficiently separated by 
distance. If a large number of links are interfering with each other, then the 
number of OFDM sub-channels may be inadequate to allow the assignment 

15 of sub-channels for every pilot OFDM symbol. In this circumstance, 
transmit antennas may be assigned sub-channels for every P-th pilot symbol, 
where P is an integer value greater than one (1). 

In another embodiment of the invention, the OFDM scheme is 
designed to create OFDM symbol values that minimize or eliminate 

20 interference between transmit antennas that use either identical sub- 
channels or disjoint sub-channels. An orthogonal code, such as Walsh 
coding, can be used to transform Q pilot signals into Q orthogonal signals 
representative of the pilot signals. In the case where a Walsh code is used, 
the number of pilot signals would be a power of two. The use of orthogonal 

25 codes can be used together with the previously discussed disjoint sub- 
channel subsets in order to reduce interference from neighboring links. For 

example, in a 4x4 MIMO system with a system bandwidth of approximately 
1MHz, assume that 256 OFDM sub-channels are to be used. If the multipath 
is limited to ten microseconds, the disjoint sub-channels carrying pilot 
30 symbols should be spaced approximately 50kHz apart or closer. Each sub- 
channel is approximately 4kHz wide so that a spacing of twelve sub- 
channels is 48kHz wide. If the OFDM sub-channels are divided into twelve 
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sets of twenty sub-channels each, sixteen are left unused. Two consecutive 
OFDM symbols are used as a pilot signal, and orthogonal coding on these 
two symbols is employed. Hence, there are twenty-four different orthogonal 
pilot assignments. These twenty-four orthogonal pilots are assigned to 
5 different transmit antennas and links to minimize interference. 

In another embodiment of the invention, a large number of periodic 
OFDM symbols can be used as pilot data. The number of OFDM symbols 
must be large enough so that accurate measurements of interference levels 
from a large number of different transmit antennas can be made. These 

10 average interference levels would be used to set up system-wide constraints 
on simultaneous transmissions from various sites, i.e., an adaptive 
blanking scheme to allow all users nearly equivalent performance. 

In an alternate embodiment of the invention, the CSI of a MIMO 
propagation channel can be determined and transmitted for a MIMO system 

15 that does not utilize OFDM symbols as pilot signals. Instead, a Maximal- 
Length Shift Register sequence (m-sequence) can be used to sound the 
propagation channel. An m-sequence is the output of a shift register with 
feedback. M-sequences have desirable autocorrelation properties, including 
the property that correlation over a full period of the sequence with any 

20 non-zero circular shift of the sequence yields the value -1, wherein the 
sequence values are +/-1. Hence, the correlation at zero shift is R, wherein 
R is the length of the sequence. In order to maintain desirable properties 
such as correlation in the presence of multipath, a portion of the sequence 
equal to the delay spread of the channel must be repeated. 

25 For example, if it is known that the channel multipath is limited to 

some time T «« and the length of the pilot sequence is at least Rx ni t then R 
different shifts of the same m-sequence may be used with only minimal 
mutual interference. These R different shifts are assigned to different 
transmit antennas of a base station and other base stations that are the cause 

30 of major interference. 

Links in the MIMO system that are distantly separated can be assigned 
different m-sequences. The cross-correlation properties of different m- 
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sequences do not exhibit the minimal correlation properties of a single 
sequence and its shifts, but different m-sequences behave more or less like 

random sequences and provide an average correlation level of JR~ where R 
is the sequence length. This average correlation level is generally adequate 
5 for use in a MIMO system, because of the separation between the links. 

A shift register with feedback generates all possible m-sequences, so 
that sequences are merely shifted versions of a single code word of length R 
- 2 m -l, where m is a positive integer value. Hence, a limited number of 
different binary m-sequences exist. In order to avoid reuse of the same m- 
10 sequence in an area where significant interference may result, filtered 
versions of longer m-sequences can be used. A filtered version of an m- 
sequence is no longer binary, but will still display the same basic correlation 
properties. 

For example, suppose that the pilot sequence is to be transmitted at a 

15 1MHz rate, and that the multipath is limited to ten microseconds. Assume 
that a base station has three sectors, wherein four transmit antennas are 
assigned to each sector for a total of twelve transmit antennas per site. If a 
length 127 m-sequence is employed, then twelve different shifts of the 
sequence may be assigned to the antennas of a single base station, with 

20 relative shifts of ten samples each. The total length of the transmitted pilot 
is then 137 microseconds, which is a full period of the sequence plus ten 
additional samples to accommodate the multipath spread. Then different 
base stations can be assigned different m-sequences, with m-sequences 
repeated in a code reuse pattern designed to minimize the effects of 

25 interference from the same m-sequence. 

The embodiments of the invention discussed herein have been 
directed to the design and transmission of pilot signals that will allow a 
person skilled in the art to derive characteristics of the propagation channel 
and to report such characteristics to the transmission site. However, the full 

30 CSI is a large amount of information and also highly redundant. Many 
methods are available for compressing the amount of CSI information to be 
transmitted. One method discussed previously is the use of the Hermatian 
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matrix H*H, wherein H is the channel response as determined at the 
receiver unit. The Herniation matrix H*H can be reported to the 
transmitter unit and be used to precondition transmissions. Due to the 
properties of Hermitian matrices, only half of the matrix elements need to 
5 be transmitted, such as the complex lower triangular portion of the matrix 
H*H, and the real-valued diagonal. Additional efficiencies are realized if 
the number of receive antennas is larger than the number of transmit 
antennas. Another method to reduce the amount of information 
transmitted to the transmitter unit on the reverse link is to report only a 
10 subset of the channel response matrices H { to the transmitter unit, from 
which the unreported channel response matrices can be determined 
through interpolation schemes. In another method, a functional 
representation of the channel response across the sub-channels may be 
derived for each transmit /receive antenna pair, e.g., a polynomial function 
15 representative of the channel response can be generated. The coefficients of 
the polynomial function are then transmitted to the transmitter unit. 

As an alternative to these methods for compressing CSI information, 
one embodiment of the invention is directed to the transmission of a time- 
domain representation of the channel response, which is the channel 
20 impulse response. If a time-domain representation of the channel response 
is simple, as in cases where there are only two or three multipath 
components, an inverse FFT can be performed upon the set of channel 
frequency responses. The inverse FFT operation can be performed for each 
link between a transmit/receive antenna pair. The resulting channel 
25 impulse responses are then translated into a set of amplitudes and delays 
that are reported to the transmitter. 

As discussed previously, there is a cost associated with the 
transmission of CSI in the reverse link, which is reduced when the above 
embodiments of the invention are implemented in the MIMO system. 
30 Another method for reducing the cost is to select users according to the 
short term average of their CSI requirements. The CSI requirements change 
as the channel fades, so improved efficiency on the reverse link is achieved 
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if users estimate the quantity of CSI required, and inform the base station at 
intervals that may be periodic or aperiodic, depending on the rate of change 
of the propagation channel observed by the user. The base station may then 
include this factor in scheduling the use of the forward and reverse links. 
5 Scheduling can be arranged so that users associated with slowly changing 
propagation channels report less frequently than users associated with 
quickly changing propagation channels. The base station can also arrange 
the scheduling to take into account factors such as the number of system 
users and fairness. 

10 In another aspect of this embodiment of the invention, a time 

interval can be assigned so that CSI updates in a long transmission period 
can be adjusted according to the actual changes in the propagation channel. 
Changes in the propagation channel can be monitored at the receiving site 
in one of a number of possible ways. For example, the difference between 

15 the soft decision on the symbols and the closest QAM constellation value 
can be determined and used as a criterion, or the relative sizes of decoder 
metrics can also be used. When the quality of a given criterion falls below a 
predetermined threshold, an update to the CSI is reported to the transmitter 
unit. 

20 The overall multipath power-delay profile of a link changes very 

slowly because the average power observed at various delays remains 
constant, even though channel fading may occur frequently. Hence, the 
amount of CSI required to characterize a link can vary substantially from 
link to link. To optimize performance, the coding of the CSI is tailored to 

25 the specific link requirements. If the CSI is sent in frequency-domain form, 
i.e., a set of channel response matrices which are to be interpolated, then 
links with little multipath require only a small set of channel response 
matrices. 
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Structural Components of a High Efficiency, High Performance 
Communication System 

FIG. 3 is a block diagram of a data processor 112 and modulator 114 of 

system 110 in FIG. 1A. The aggregate input data stream that includes all data 
5 to be transmitted by system 110 is provided to a demultiplexer (DEMUX) 310 
within data processor 112. Demultiplexer 310 demultiplexes the input data 
stream into a number of (K) channel data streams, S, through S k . Each 
channel data stream may correspond to, for example, a signaling channel, a 
broadcast channel, a voice call, or a traffic data transmission. Each channel 
10 data stream is provided to a respective encoder 312 that encodes the data 
using a particular encoding scheme. 

The encoding may include error correction coding or error detection 
coding, or both, used to increase the reliability of the link. More specifically, 
such encoding may include, for example, interleaving, convolutional 
15 coding, Turbo coding, Trellis coding, block coding (e.g., Reed-Solomon 
coding), cyclic redundancy check (CRC) coding, and others. Turbo encoding 
is described in further detail in U.S. Patent Application Serial No. 
09/205,511, filed December 4, 1998 entitled "Turbo Code Interleaver Using 
Linear Congruential Sequences" and in a document entitled "The cdma2000 
20 ITU-R RTT Candidate Submission," hereinafter referred to as the IS-2000 
standard, both of which are incorporated herein by reference. 

The encoding can be performed on a per channel basis, i.e., on each 
channel data stream, as shown in FIG. 3. However, the encoding may also 
be performed on the aggregate input data stream, on a number of channel 
25 data streams, on a portion of a channel data stream, across a set of antennas, 
across a set of sub-channels, across a set of sub-channels and antennas, across 
each sub-channel, on each modulation symbol, or on some other unit of 
time, space, and frequency. The encoded data from encoders 312a through 
312k is then provided to a data processor 320 that processes the data to 
30 generate modulation symbols. 

In one implementation, data processor 320 assigns each channel data 
stream to one or more sub-channels, at one or more time slots, and on one 
or more antennas. For example, for a channel data stream corresponding to 
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a voice call, data processor 320 may assign one sub-channel on one antenna 
(if transmit diversity is not used) or multiple antennas (if transmit diversity 
is used) for as many time slots as needed for that call. For a channel data 
stream corresponding to a signaling or broadcast channel, data processor 320 
5 may assign the designated sub-channel(s) on one or more antennas, again 
depending on whether transmit diversity is used. Data processor 320 then 
assigns the remaining available resources for channel data streams 
corresponding to data transmissions. Because of the bursty nature of data 
transmissions and the greater tolerance to delays, data processor 320 can 
10 assign the available resources such that the system goals of high 
performance and high efficiency are achieved. The data transmissions are 
thus "scheduled" to achieve the system goals. 

After assigning each channel data stream to its respective time slot(s), 
sub-channel(s), and antenna(s), the data in the channel data stream is 
15 modulated using multi-carrier modulation. OFDM modulation is used to 
provide numerous advantages. In one implementation of OFDM 
modulation, the data in each channel data stream is grouped to blocks, with 
each block having a particular number of data bits. The data bits in each 
block are then assigned to one or more sub-channels associated with that 
20 channel data stream. 

The bits in each block are then demultiplexed into separate sub- 
channels, with each of the sub-channels conveying a potentially different 
number of bits (i.e., based on C/I of the sub-channel and whether MIMO 
processing is employed). For each of these sub-channels, the bits are 
25 grouped into modulation symbols using a particular modulation scheme 
(e.g., M-PSK or M-QAM) associated with that sub-channel. For example, 
with 16-QAM, the signal constellation is composed of 16 points in a complex 
plane (i.e., a + j*b), with each point in the complex plane conveying 4 bits of 
information. In the MIMO processing mode, each modulation symbol in 
30 the sub-channel represents a linear combination of modulation symbols, 
each of which may be selected from a different constellation. 
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The collection of L modulation symbols form a modulation symbol 
vector V of dimensionality L. Each element of the modulation symbol 
vector V is associated with a specific sub-channel having a unique frequency 
or tone on which the modulation symbols is conveyed. The collection of 
5 these L modulation symbols are all orthogonal to one another. At each time 
slot and for each antenna, the L modulation symbols corresponding to the L 
sub-channels are combined into an OFDM symbol using an inverse fast 
Fourier transform (IFFT). Each OFDM symbol includes data from the 
channel data streams assigned to the L sub-channels. 

10 OFDM modulation is described in further detail in a paper entitled 

"Multicarrier Modulation for Data Transmission : An Idea Whose Time Has 
Come/ by John A.C Bingham, IEEE Communications Magazine, May 1990, 
which is incorporated herein by reference. 

Data processor 320 thus receives and processes the encoded data 

15 corresponding to K channel data streams to provide N T modulation symbol 
vectors, V 1 through V NT , one modulation symbol vector for each transmit 
antenna. In some implementations, some of the modulation symbol 
vectors may have duplicate information on specific sub-channels intended 
for different transmit antennas. The modulation symbol vectors V t 

20 through V NT are provided to modulators 114a through 114t, respectively. 

In FIG. 3, each modulator 114 includes an IFFT 330, cycle prefix 
generator 332, and an upconverter 334. IFFT 330 converts the received 
modulation symbol vectors into their time-domain representations called 
OFDM symbols. IFFT 330 can be designed to perform the IFFT on any 

25 number of sub-channels (e.g., 8, 16, 32, and so on). Alternatively, for each 
modulation symbol vector converted to an OFDM symbol, cycle prefix 
generator 332 repeats a portion of the time-domain representation of the 
OFDM symbol to form the transmission symbol for the specific antenna. 
The cyclic prefix insures that the transmission symbol retains its orthogonal 

30 properties in the presence of multipath delay spread, thereby improving 
performance against deleterious path effects, as described below. The 
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implementation of IFFT 330 and cycle prefix generator 332 is known in the 
art and not described in detail herein. 

The time-domain representations from each cycle prefix generator 332 
(i.e v the transmission symbols for each antenna) are then processed by 
5 upconverter 332, converted into an analog signal, modulated to a RF 
frequency, and conditioned (e.g., amplified and filtered) to generate an RF 
modulated signal that is then transmitted from the respective antenna 116. 

FIG. 3 also shows a block diagram of a data processor 320. The 
encoded data for each channel data stream (i.e., the encoded data stream, X) 

10 is provided to a respective channel data processor 332. If the channel data 
stream is to be transmitted over multiple sub-channels and/or multiple 
antennas (without duplication on at least some of the transmissions), 
channel data processor 332 demultiplexes the channel data stream into a 
number of (up to L*N T ) data sub-streams. Each data sub-stream corresponds 

15 to a transmission on a particular sub-channel at a particular antenna. In 
typical implementations, the number of data sub-streams is less than L»N T 
since some of the sub-channels are used for signaling, voice, and other types 
of data. The data sub-streams are then processed to generate corresponding 
sub-streams for each of the assigned sub-channels that are then provided to 

20 combiners 334. Combiners 334 combine the modulation symbols designated 
for each antenna into modulation symbol vectors that are then provided as 
a modulation symbol vector stream. The N x modulation symbol vector 
streams for the N x antennas are then provided to the subsequent processing 
blocks (i.e., modulators 114). 

25 In a design that provides the most flexibility, best performance, and 

highest efficiency, the modulation symbol to be transmitted at each time 
slot, on each sub-channel, can be individually and independently selected. 
This feature allows for the best use of the available resource over all three 
dimensions - time, frequency, and space. The number of data bits 

30 transmitted by each modulation symbol may thus differ. 

FIG. 4A is a block diagram of a channel data processor 400 that can be 
used for processing one channel data steam. Channel data processor 400 can 
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be used to implement one channel data processor 332 in FIG. 3. The 
transmission of a channel data stream may occur on multiple sub-channels 
(e.g., as for data 1 in FIG. 2) and may also occur from multiple antennas. The 
transmission on each sub-channel and from each antenna can represent 
5 non-duplicated data. 

Within channel data processor 400, a demultiplexer 420 receives and 
demultiplexes the encoded data stream, into a number of sub-channel 
data streams, X u through X^, one sub-channel data stream for each sub- 
channel being used to transmit data. The data demultiplexing can be 

10 uniform or non-uniform. For example, if some information about the 
transmission paths is known (i.e., full CSI or partial CSI is known), 
demultiplexer 420 may direct more data bits to the sub-channels capable of 
transmitting more bps/Hz. However, if no CSI is known, demultiplexer 420 
may uniformly directs approximately equal numbers of bits to each of the 

15 allocated sub-channels. 

Each sub-channel data stream is then provided to a respective spatial 
division processor 430. Each spatial division processor 430 may further 
demultiplex the received sub-channel data stream into a number of (up to 
N x ) data sub-streams, one data sub-stream for each antenna used to transmit 

20 the data. Thus, after demultiplexer 420 and spatial division processor 430, 
the encoded data stream Xj may be demultiplexed into up to L»N T data sub- 
streams to be transmitted on up to L sub-channels from up to N T antennas. 

At any particular time slot, up to N T modulation symbols may be 
generated by each spatial division processor 430 and provided to N T 

25 combiners 400a through 440t. For example, spatial division processor 430a 
assigned to sub-channel 1 may provide up to N T modulation symbols for 
sub-channel 1 of antennas 1 through N x . Similarly, spatial division 
processor 430k assigned to sub-channel k may provide up to N T symbols for 
sub-channel k of antennas 1 through N T . Each combiner 440 receives the 

30 modulation symbols for the L sub-channels, combines the symbols for each 
time slot into a modulation symbol vector, and provides the modulation 
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symbol vectors as a modulation symbol vector stream, V, to the next 
processing stage (e.g., modulator 114). 

Channel data processor 400 may also be designed to provide the 
necessary processing to implement the full-CSI or partial-CSI processing 
5 modes described above. The CSI processing may be performed based on the 
available CSI information and on selected channel data streams, sub- 
channels, antennas, etc. The CSI processing may also be enabled and 
disabled selectively and dynamically. For example, the CSI processing may 
be enabled for a particular transmission and disabled for some other 
10 transmissions. The CSI processing may be enabled under certain conditions, 
for example, when the transmission link has adequate C/I. 

Channel data processor 400 in FIG. 4A provides a high level of 
flexibility. However, such flexibility is typically not needed for all channel 
data streams. For example, the data for a voice call is typically transmitted 
15 over one sub-channel for the duration of the call, or until such time as the 
sub-channel is reassigned- The design of the channel data processor can be 
greatly simplified for these channel data streams. 

FIG. 4B is a block diagram of the processing that can be employed for 
one channel data steam such as overhead data, signaling, voice, or traffic 
20 data. A spatial division processor 450 can be used to implement one 
channel data processor 332 in FIG. 3 and can be used to support a channel 
data stream such as, for example, a voice call. A voice call is typically 
assigned to one sub-channel for multiple time slots (e.g., voice 1 in FIG. 2) 
and may be transmitted from multiple antennas. The encoded data stream, 
25 Xj V is provided to spatial division processor 450 that groups the data into 
blocks, with each block having a particular number of bits that are used to 
generate a modulation symbol. The modulation symbols from spatial 
division processor 450 are then provided to one or more combiners 440 
associated with the one or more antennas used to transmit the channel data 
30 stream. 

A specific implementation of a transmitter unit capable of generating 
the transmit signal shown in FIG. 2 is now described for a better 
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understanding of the invention. At time slot 2 in FIG, 2, control data is 
transmitted on sub-channel 1, broadcast data is transmitted on sub-channel 
2, voice calls 1 and 2 are assigned to sub-channels 3 and 4, respectively, and 
traffic data is transmitted on sub-channels 5 through 16. In this example, the 
5 transmitter unit is assumed to include four transmit antennas (i.e., N T = 4) 
and four transmit signals (i.e., four RF modulated signals) are generated for 
the four antennas. 

FIG. 5 A is a block diagram of a portion of the processing units that can 
be used to generate the transmit signal for time slot 2 in FIG. 2. The input 

10 data stream is provided to a demultiplexer (DEMUX) 510 that demultiplexes 
the stream into five channel data streams, S x through S 5 , corresponding to 
control, broadcast, voice 1, voice 2, and data 1 in FIG. 2. Each channel data 
stream is provided to a respective encoder 512 that encodes the data using an 
encoding scheme selected for that stream. 

15 In this example, channel data streams S 1 through S 3 are transmitted 

using transmit diversity. Thus, each of the encoded data streams X 1 through 
X 3 is provided to a respective channel data processor 532 that generates the 
modulation symbols for that stream. The modulation symbols from each of 
the channel data processors 532a through 532c are then provided to all four 

20 combiners 540a through 540d. Each combiner 540 receives the modulation 
symbols for all 16 sub-channels designated for the antenna associated with 
the combiner, combines the symbols on each sub-channel at each time slot 
to generate a modulation symbol vector, and provides the modulation 
symbol vectors as a modulation symbol vector stream, V, to an associated 

25 modulator 114. As indicated in FIG. 5A, channel data stream S 1 is 
transmitted on sub-channel 1 from all four antennas, channel data stream S 2 
is transmitted on sub-channel 2 from all four antennas, and channel data 
stream S 3 is transmitted on sub-channel 3 from all four antennas. 

FIG. 5B is a block diagram of a portion of the processing units used to 

30 process the encoded data for channel data stream S 4 . In this example, 
channel data stream S 4 is transmitted using spatial diversity (and not 
transmit diversity as used for channel data streams S x through S 3 ). With 
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spatial diversity, data is demultiplexed and transmitted (concurrently in 
each of the assigned sub-channels or over different time slots) over multiple 
antennas. The encoded data stream X 4 is provided to a channel data 
processor 532d that generates the modulation symbols for that stream. The 
5 modulation symbols in this case are linear combinations of modulation 
symbols selected from symbol alphabets that correspond to each of the 
eigenmodes of the channel. In this example, there are four distinct 
eigenmodes, each of which is capable of conveying a different amount of 
information. As an example, suppose eigenmode 1 has a C/I that allows 64- 
10 QAM (6 bits) to be transmitted reliably, eigenmode 2 permits 16-QAM (4 
bits), eigenmode 3 permits QPSK (2 bits) and eigenmode 4 permits BPSK (1 
bit) to be used. Thus, the combination of all four eigenmodes allows a total 
of 13 information bits to be transmitted simultaneously as an effective 
modulation symbol on all four antennas in the same sub-channel. The 

15 effective modulation symbol for the assigned sub-channel on each antenna 
is a linear combination of the individual symbols associated with each 
eigenmode, as described by the matrix multiply given in equation (1) above. 

FIG. 5C is a block diagram of a portion of the processing units used to 
process channel data stream S 5 . The encoded data stream X 5 is provided to a 

20 demultiplexer (DEMUX) 530 that demultiplexes the stream X 5 into twelve 
sub-channel data streams, X 511 through X 5 16 , one sub-channel data stream 
for each of the allocated sub-channels 5 through 16. Each sub-channel data 
stream is then provided to a respective sub-channel data processor 536 that 
generates the modulation symbols for the associated sub-channel data 

25 stream. The sub-channel symbol stream from sub-channel data processors 
536a through 5361 are then provided to demultiplexers 538a through 5381, 
respectively. Each demultiplexer 538 demultiplexes the received sub- 
channel symbol stream into four symbol sub-streams, with each symbol sub- 
stream corresponding to a particular sub-channel at a particular antenna. 

30 The four symbol sub-streams from each demultiplexer 538 are then 
provided to the four combiners 540a through 540d. 
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In FIG* 5C, a sub-channel data stream is processed to generate a sub- 
channel symbol stream that is then demultiplexed into four symbol sub- 
streams, one symbol sub-stream for a particular sub-channel of each 
antenna. This implementation is a different from that described for FIG. 4A. 
5 In FIG. 4A, the sub-channel data stream designated for a particular sub- 
channel is demultiplexed into a number of data sub-streams, one data sub- 
stream for each antenna, and then processed to generate the corresponding 
symbol sub-streams. The demultiplexing in FIG. 5C is performed after the 
symbol modulation whereas the demultiplexing in FIG. 4A is performed 
10 before the symbol modulation. Other implementations may also be used 
and are within the scope of the present invention. 

Each combination of sub-channel data processor 536 and 
demultiplexer 538 in FIG. 5C performs in similar manner as the 
combination of sub-channel data processor 532d and demultiplexer 534d in 
15 FIG. 5B. The rate of each symbol sub-stream from each demultiplexer 538 is, 
on the average, a quarter of the rate of the symbol stream from the 
associated channel data processor 536. 

FIG. 6 is a block diagram of a receiver unit 600, having multiple 
receive antennas, which can be used to receive one or more channel data 
20 streams. One or more transmitted signals from one or more transmit 
antennas can be received by each of antennas 610a through 610r and routed 
to a respective front end processor 612. For example, receive antenna 610a 
may receive a number of transmitted signals from a number of transmit 
antennas, and receive antenna 610r may similarly receive multiple 
25 transmitted signals. Each front end processor 612 conditions (e.g., filters and 
amplifies) the received signal, downconverts the conditioned signal to an 
intermediate frequency or baseband, and samples and quantizes the 
downconverted signal. Each front end processor 612 typically further 
demodulates the samples associated with the specific antenna with the 
30 received pilot to generate "coherent" samples that are then provided to a 
respective FFT processor 614, one for each receive antenna. 
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Each FFT processor 614 generates transformed representations of the 
received samples and provides a respective stream of modulation symbol 
vectors. The modulation symbol vector streams from FFT processors 614a 
through 614r are then provided to demultiplexer and combiners 620, which 
5 channelizes the stream of modulation symbol vectors from each FFT 
processor 614 into a number of (up to L) sub-channel symbol streams. The 
sub-channel symbol streams from all FFT processors 614 are then processed, 
based on the (e.g., diversity or MIMO) communications mode used, prior to 
demodulation and decoding. 
10 For a channel data stream transmitted using the diversity 

communications mode, the sub-channel symbol streams from all antennas 
used for the transmission of the channel data stream are presented to a 
combiner that combines the redundant information across time, space, and 
frequency. The stream of combined modulation symbols are then provided 
15 to a (diversity) channel processor 630 and demodulated accordingly. 

For a channel data stream transmitted using the MIMO 
communications mode, all sub-channel symbol streams used for the 
transmission of the channel data stream are presented to a MIMO processor 
that orthogonalizes the received modulation symbols in each sub-channel 
20 into the distinct eigenmodes. The MIMO processor performs the processing 
described by equation (2) above and generates a number of independent 
symbol sub-streams corresponding to the number of eigenmodes used at the 
transmitter unit. For example, MIMO processor can perform multiplication 
of the received modulation symbols with the left eigenvectors to generate 
25 post-conditioned modulation symbols, which correspond to the modulation 
symbols prior to the full-CSI processor at the transmitter unit. The (post- 
conditioned) symbol sub-streams are then provided to a (MIMO) channel 
processor 630 and demodulated accordingly. Thus, each channel processor 
630 receives a stream of modulation symbols (for the diversity 
30 communications mode) or a number of symbol sub-streams (for the MIMO 
communications mode). Each stream or sub-stream of modulation symbols 
is then provided to a respective demodulator (DEMOD) that implements a 
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demodulation scheme (e.g., M-PSK, M-QAM, or others) that is 
complementary to the modulation scheme used at the transmitter unit for 
the sub-channel being processed. For the MIMO communications mode, the 
demodulated data from all assigned demodulators may then be decoded 
5 independently or multiplexed into one channel data stream and then 
decoded, depending upon the coding and modulation method employed at 
the transmitter unit. For both the diversity and MIMO communications 
modes, the channel data stream from channel processor 630 may then 
provided to a respective decoder 640 that implements a decoding scheme 
10 complementary to that used at the transmitter unit for the channel data 
stream. The decoded data from each decoder 540 represents an estimate of 
the transmitted data for that channel data stream. 

FIG. 6 represents one embodiment of a receiver unit. Other designs 
can contemplated and are within the scope of the present invention. For 

15 example, a receiver unit may be designed with only one receive antenna, or 
may be designed capable of simultaneously processing multiple (e.g., voice, 
data) channel data streams. 

As noted above, multi-carrier modulation is used in the 
communications system of the invention. In particular, OFDM modulation 

20 can be employed to provide a number of benefits including improved 
performance in a multipath environment, reduced implementation 
complexity (in a relative sense, for the MIMO mode of operation), and 
flexibility. However, other variants of multi-carrier modulation can also be 
used and are within the scope of the present invention. 

25 OFDM modulation can improve system performance due to 

multipath delay spread or differential path delay introduced by the 
propagation environment between the transmitting antenna and the 
receiver antenna. The communications link (i.e., the RF channel) has a 
delay spread that may potentially be greater than the reciprocal of the system 

30 operating bandwidth, W. Because of this, a communications system 
employing a modulation scheme that has a transmit symbol duration of less 
than the delay spread will experience inter-symbol interference (BI). The ISI 
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distorts the received symbol and increases the likelihood of incorrect 
detection. 

With OFDM modulation, the transmission channel (or operating 
bandwidth) is essentially divided into a (large) number of parallel sub- 
5 channels (or sub-bands) that are used to communicate the data. Because 
each of the sub-channels has a bandwidth that is typically much less than 
the coherence bandwidth of the communications link, ISI due to delay 
spread in the link is significantly reduced or eliminated using OFDM 
modulation. In contrast, most conventional modulation schemes (e.g., 
10 QPSK) are sensitive to ISI unless the transmission symbol rate is small 
compared to the delay spread of the communications link. 

As noted above, cyclic prefixes can be used to combat the deleterious 
effects of multipath. A cyclic prefix is a portion of an OFDM symbol (usually 
the front portion, after the IFFT) that is wrapped around to the back of the 
15 symbol. The cyclic prefix is used to retain orthogonality of the OFDM 
symbol, which is typically destroyed by multipath. 

As an example, consider a communications system in which the 
channel delay spread is less than 10 [xsec. Each OFDM symbol has appended 
onto it a cyclic prefix that insures that the overall symbol retains its 
20 orthogonal properties in the presence of multipath delay spread. Since the 
cyclic prefix conveys no additional information, it is essentially overhead. 
To maintain good efficiency, the duration of the cyclic prefix is selected to be 
a small fraction of the overall transmission symbol duration. For the above 
example, using a 5% overhead to account for the cyclic prefix, a transmission 
25 symbol duration of 200 jxsec is adequate for a 10 (usee maximum channel 
delay spread. The 200 usee transmission symbol duration corresponds to a 
bandwidth of 5 kHz for each of the sub-bands. If the overall system 
bandwidth is 1.2288 MHz, 250 sub-channels of approximately 5 kHz can be 
provided. In practice, it is convenient for the number of sub-channels to be 
30 a power of two. Thus, if the transmission symbol duration is increased to 



CA 02690247 2010-01-25 



WO 01/76110 PCT/US01/09114 

44 

205 jxsec and the system bandwidth is divided into M = 256 sub-bands, each 
sub-channel will have a bandwidth of 4.88 kHz. 

In certain embodiments of the invention, OFDM modulation can 
reduce the complexity of the system. When the communications system 
5 incorporates MIMO technology, the complexity associated with the receiver 
unit can be significant, particularly when multipath is present. The use of 
OFDM modulation allows each of the sub-channels to be treated in an 
independent manner by the MIMO processing employed. Thus, OFDM 
modulation can significantly simplify the signal processing at the receiver 

10 unit when MIMO technology is used. 

OFDM modulation can also afford added flexibility in sharing the 
system bandwidth, W, among multiple users. Specifically, the available 
transmission space for OFDM symbols can be shared among a group of 
users. For example, low rate voice users can be allocated a sub-channel or a 

15 fraction of a sub-channel in OFDM symbol, while the remaining sub- 
channels can be allocated to data users based on aggregate demand. In 
addition, overhead, broadcast, and control data can be conveyed in some of 
the available sub-channels or (possibly) in a portion of a sub-channel. 

As described above, each sub-channel at each time slot is associated 

20 with a modulation symbol that is selected from some alphabet such as M- 
PSK or M-QAM. In certain embodiments, the modulation symbol in each of 
the L sub-channels can be selected such that the most efficient use is made of 
that sub-channel. For example, sub-channel 1 can be generated using QPSK, 
sub-channel 2 can be generate using BPSK, sub-channel 3 can be generated 

25 using 16-QAM, and so on. Thus, for each time slot, up to L modulation 
symbols for the L sub-channels are generated and combined to generate the 
modulation symbol vector for that time slot. 

One or more sub-channels can be allocated to one or more users. For 
example, each voice user may be allocated a single sub-channel. The 

30 remaining sub-channels can be dynamically allocated to data users. In this 
case, the remaining sub-channels can be allocated to a single data user or 
divided among multiple data users. In addition, some sub-channels can be 
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reserved for transmitting overhead, broadcast, and control data. In certain 
embodiments of the invention, it may be desirable to change the sub- 
channel assignment from (possibly) modulation symbol to symbol in a 
pseudo-random manner to increase diversity and provide some 
5 interference averaging. 

In a CDMA system, the transmit power on each reverse link 
transmission is controlled such that the required frame error rate (FER) is 
achieved at the base station at the minimal transmit power, thereby 
minimizing interference to other users in the system. On the forward link 
10 of the CDMA system, the transmit power is also adjusted to increase system 
capacity. 

In the communications system of the invention, the transmit power 
on the forward and reverse links can be controlled to minimize interference 
and maximize system capacity. Power control can be achieved in various 

15 manners. For example, power control can be performed on each channel 
data stream, on each sub-channel, on each antenna, or on some other unit 
of measurement. When operating in the diversity communications mode, 
if the path loss from a particular antenna is great, transmission from this 
antenna can be reduced or muted since little may be gained at the receiver 

20 unit. Similarly, if transmission occurs over multiple sub-channels, less 
power may be transmitted on the sub-channel(s) experiencing the most path 
loss. 

In an implementation, power control can be achieved with a feedback 
mechanism similar to that used in the CDMA system. Power control 

25 information can be sent periodically or autonomously from the receiver 
unit to the transmitter unit to direct the transmitter unit to increase or 
decrease its transmit power. The power control bits may be generated based 
on, for example, the BER or FER at the receiver unit. 

FIG. 7 shows plots that illustrate the spectral efficiency associated with 

30 some of the communications modes of the communications system of the 
invention. In FIG. 7, the number of bits per modulation symbol for a given 
bit error rate is given as a function of C/I for a number of system 
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configurations. The notation N T xN R denotes the dimensionality of the 
configuration, with N T = number of transmit antennas and N R = number of 
receive antennas. Two diversity configurations, namely 1x2 and 1x4, and 
four MIMO configurations, namely 2x2, 2x4, 4x4, and 8x4, are simulated and 
5 the results are provided in FIG. 7. 

As shown in the plots, the number of bits per symbol for a given BER 
ranges from less than 1 bps/Hz to almost 20 bps/Hz. At low values of C/I, 
the spectral efficiency of the diversity communications mode and MIMO 
communications mode is similar, and the improvement in efficiency is less 

10 noticeable. However, at higher values of C/I, the increase in spectral 
efficiency with the use of the MIMO communications mode becomes more 
dramatic. In certain MEMO configurations and for certain conditions, the 
instantaneous improvement can reach up to 20 times. 

From these plots, it can be observed that spectral efficiency generally 

15 increases as the number of transmit and receive antennas increases. The 
improvement is also generally limited to the lower of N T and N R . For 
example, the diversity configurations, 1x2 and 1x4, both asymptotically reach 
approximately 6 bps/Hz. 

In examining the various data rates achievable, the spectral efficiency 

20 values given in FIG. 7 can be applied to the results on a sub-channel basis to 
obtain the range of data rates possible for the sub-channel. As an example, 
for a subscriber unit operating at a C/I of 5 dB, the spectral efficiency 
achievable for this subscriber unit is between 1 bps/Hz and 2.25 bps/Hz, 
depending on the communications mode employed. Thus, in a 5 kHz sub- 

25 channel, this subscriber unit can sustain a peak data rate in the range of 5 
kbps to 10.5 kbps. If the C/I is 10 dB, the same subscriber unit can sustain 
peak data rates in the range of 10.5 kbps to 25 kbps per sub-channel. With 
256 sub-channels available, the peak sustained data rate for a subscriber unit 
operating at 10 dB C/I is then 6.4 Mbps. Thus, given the data rate 

30 requirements of the subscriber unit and the operating C/I for the subscriber 
unit, the system can allocate the necessary number of sub-channels to meet 
the requirements. In the case of data services, the number of sub-channels 
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allocated per time slot may vary depending on, for example, other traffic 
loading. 

The reverse link of the communications system can be designed 
similar in structure to the forward link. However, instead of broadcast and 
5 common control channels, there may be random access channels defined in 
specific sub-channels or in specific modulation symbol positions of the 
frame, or both. These may be used by some or all subscriber units to send 
short requests (e.g., registration, request for resources, and so on) to the 
central station. In the common access channels, the subscriber units may 
10 employ common modulation and coding. The remaining channels may be 
allocated to separate users as in the forward link. Allocation and de- 
allocation of resources (on both the forward and reverse links) can be 
controlled by the system and can be communicated on the control channel 
in the forward link. 

15 One design consideration for on the reverse link is the maximum 

differential propagation delay between the closest subscriber unit and the 
furthest subscriber unit. In systems where this delay is small relative to the 
cyclic prefix duration, it may not be necessary to perform correction at the 
transmitter unit. However, in systems in which the delay is significant, the 

20 cyclic prefix can be extended to account for the incremental delay. In some 
instances, it may be possible to make a reasonable estimate of the round trip 
delay and correct the time of transmit so that the symbol arrives at the 
central station at the correct instant Usually there is some residual error, so 
the cyclic prefix may also further be extended to accommodate this residual 

25 error. 

In the communications system, some subscriber units in the coverage 
area may be able to receive signals from more than one central station. If 
the information transmitted by multiple central stations is redundant on 
two or more sub-channels and /or from two or more antennas, the received 
30 signals can be combined and demodulated by the subscriber unit using a 
diversity-combining scheme. If the cyclic prefix employed is sufficient to 
handle the differential propagation delay between the earliest and latest 
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arrival, the signals can be (optimally) combined in the receiver and 
demodulated correctly. This diversity reception is well known in broadcast 
applications of OFDM. When the sub-channels are allocated to specific 
subscriber units, it is possible for the same information on a specific sub- 
5 channel to be transmitted from a number of central stations to a specific 
subscriber unit. This concept is similar to the soft handoff used in CDMA 
systems. 

As shown above, the transmitter unit and receiver unit are each 
implemented with various processing units that include various types of 

10 data processor, encoders, IFFTs, FFTs, demultiplexers, combiners, and so on. 
These processing units can be implemented in various manners such as an 
application specific integrated circuit (ASIC), a digital signal processor, a 
microcontroller, a microprocessor, or other electronic circuits designed to 
perform the functions described herein. Also, the processing units can be 

15 implemented with a general-purpose processor or a specially designed 
processor operated to execute instruction codes that achieve the functions 
described herein. Thus, the processing units described herein can be 
implemented using hardware, software, or a combination thereof. 

The foregoing description of the preferred embodiments is provided 

20 to enable any person skilled in the art to make or use the present invention. 
Various modifications to these embodiments will be readily apparent to 
those skilled in the art, and the generic principles defined herein may be 
applied to other embodiments without the use of the inventive faculty. 
Thus, the present invention is not intended to be limited to the 

25 embodiments shown herein but is to be accorded the widest scope consistent 
with the principles and novel features disclosed herein. 
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CLAIMS : 

1 . A method of generating pilots in a wireless multiple-input multiple 
output (MIMO) communication system, comprising: 

obtaining at least one pilot symbol for each antenna of a plurality of 

5 antennas; 

obtaining an orthogonal sequence for each antenna in the plurality of 
antennas; and 

covering the at least one pilot symbol for each antenna with the 
orthogonal sequence to obtain a sequence of covered pilot symbols for each 
10 antenna to obtain at least one covered pilot symbol for each of the plurality of 
antennas. 

2. The method of claim 1 , wherein obtaining the orthogonal sequence 
comprises obtaining a different orthogonal sequence for each antenna. 

3. The method of claim 1 , further comprising transmitting the plurality of 
15 orthogonal pilots from the plurality of antennas. 

4. The method of claim 1 , wherein the orthogonal sequences are 
Walsh sequences. 

5. The method of claim 4, wherein the Walsh sequences have a length 
of 1/W chips. 

20 6. The method of claim 1 , wherein obtaining at least one pilot symbol 

comprises obtaining a same at least one pilot symbol for each of the plurality of 
antennas. 

7. The method of claim 1 , further comprising transmitting at least one 

covered pilot symbol on each antenna from a predetermined set of subbands. 

25 8. The method of claim 1 , further comprising transmitting the sequence 

of covered pilot symbols during predetermined time slots. 
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9. The method of claim 1 , further comprising applying a cyclic prefix to 
each covered pilot symbol. 

1 0. A wireless communication apparatus comprising: 
a plurality of antennas; 

5 means for obtaining at least one pilot symbol for each antenna in the 

plurality of antennas; 

means for obtaining an orthogonal sequence for each antenna in the 
plurality of antennas; and 

means for covering the pilot symbol for each antenna with the 
1 0 orthogonal sequence to obtain a sequence of covered pilot symbols for the 
antenna. 

1 1 . The apparatus of claim 1 0, wherein the means for obtaining the 
orthogonal sequence comprises means for obtaining a different orthogonal 
sequence for each antenna. 

15 12. The apparatus of claim 10, wherein the orthogonal sequences are 

Walsh sequences. 

13. The apparatus of claim 12, wherein the Walsh sequences have a 
length of 1A/V chips. 

14. The apparatus of claim 10, further comprising means for designating 
20 transmission of the covered pilot symbols on a predetermined set of subbands. 

1 5. The apparatus of claim 1 0, further comprising means for transmitting 
the sequence of covered pilot symbols during predetermined time slots. 

1 6. The apparatus of claim 1 0, further comprising means for applying a 
cyclic prefix to each pilot symbol. 

25 17. A wireless communication apparatus comprising: 



a plurality of antennas; 
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a plurality of modulators coupled to the plurality of antennas; and 

a transmit data processor, coupled to the plurality of modulators, that 
provides a plurality of covered pilot symbol for each antenna, wherein each 
covered pilot symbol is generated by covering a pilot symbol with an orthogonal 
5 sequence. 

18. The apparatus of claim 17, wherein a different orthogonal sequence 

is used for each antenna. 

1 g. The apparatus of claim 1 7, wherein the orthogonal sequences are 

Walsh sequences. 

10 20. The apparatus of claim 19, wherein the Walsh sequences have a 

length of 1/W chips. 

21 . The apparatus of claim 1 7, wherein the pilot symbols are transmitted 
on a predetermined set of subbands. 

22. The apparatus of claim 17, wherein the modulators apply a cyclic 
15 prefix to each pilot symbol. 

23. The apparatus of claim 17, wherein the sequence of covered pilot 
symbols are transmitted during predetermined time slots. 

24. A method of generating pilots in a wireless multiple-input multiple 
output (MIMO) communication system, comprising: 

20 generating at least one pilot symbol for each antenna of a plurality of 

antennas; and 

applying an orthogonal sequence to each pilot symbol for each 
antenna to obtain orthogonal pilot symbols for each antenna. 

25. The method of claim 24, further comprising generating a different 
25 orthogonal sequence for each antenna so that the pilot symbols of each antenna 

are orthogonal to pilot symbols of each other antenna. 



CA 02690247 2010-01-25 



74769-592E 

52 

26. The method of claim 24, further comprising transmitting the plurality 
of orthogonal pilot symbols from the plurality of antennas. 

27. The method of claim 24, wherein the orthogonal sequences are 
Walsh sequences. 

5 28. The method of claim 27, wherein the Walsh sequences have a 

length of 1/W chips. 

29. The method of claim 24, wherein obtaining comprises obtaining a 
same pilot symbol for the plurality of antennas. 

30. The method of claim 24, wherein the pilot symbols are transmitted 
10 during predetermined time slots. 

31 . The method of claim 24, further comprising applying a cyclic prefix to 
each pilot symbol. 

32. A wireless communication apparatus comprising: 
a plurality of antennas; 

1 5 means for generating at least one pilot symbol for each antenna of a 

plurality of antennas; and 

means for applying an orthogonal sequence to each pilot symbol for 
each antenna to obtain orthogonal pilot symbols for each antenna. 

33. The apparatus of claim 32, further comprising means for obtaining a 
20 different orthogonal sequence for each antenna. 

34. The apparatus of claim 32, wherein the orthogonal sequences are 
Walsh sequences. 

35. The apparatus of claim 34, wherein the Walsh sequences have a 
length of 1/W chips. 

25 36. The apparatus of claim 32, further comprising means for designating 

transmission of the orthogonal pilot symbols on a predetermined set of subbands. 
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37. The apparatus of claim 32, further comprising means for applying a 
cyclic prefix to each pilot symbol. 

38. The apparatus of claim 32, further comprising means for transmitting 
the orthogonal pilot symbols during predetermined time slots. 

5 39. A wireless communication apparatus comprising: 

a plurality of antennas; 

a plurality of modulators coupled to the plurality of antennas; and 

a transmit data processor, coupled to the plurality of modulators, that 
provides a plurality of orthogonal pilot symbol for each antenna, so that each pilot 
1 0 symbol for each antenna is orthogonal to the pilot symbols of the other antennas. 

40. The apparatus of claim 39, wherein a different orthogonal sequence 
is used for each antenna. 

41 . The apparatus of claim 39, wherein the orthogonal sequences are 
Walsh sequences. 

1 5 42. The apparatus of claim 41 , wherein the Walsh sequences have a 

length of 1/W chips. 

43. The apparatus of claim 39, wherein the pilot symbols are transmitted 
on a predetermined set of subbands. 

44. The apparatus of claim 39, wherein the modulators apply a cyclic 
20 prefix to each pilot symbol. 
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Description 

Field of the invention 

5 [0001] The present invention relates to an apparatus and methods for high-speed multi-user wireless communication. 
State of the art 

[0002] The idea to use multicarrier methods as a modulation technique is known in the art [Chang, R.W. "Synthesis 

10 of band-limited orthogonal signals for multichannel data transmission," Bell syst. Tech. J., vol.45, pp. 1775-1796, Dec. 
1966], [Saltzberg, B.R. "Performance of an efficient parallel data transmission system", IEEE Trans. Comm. Technol., 
vol. COM-15, Dec. 1967]. Possible benefits following from multicarrier modulation have been mentioned in many arti- 
cles [Meuller, T. Brueninghaus, K. and Rohling H. "Performance of Coherent OFDM-CDMA for Broadband Mobile 
Communications", Wireless Personal Communications 2, Kluwer Academic Publishers, 1996, pp. 295-305], [Kaiser, 

is S. "OFDM-CDMA versus DS-CDMA: Performance Evaluation for Fading Channels", ICC '95, pp. 1722-1726]. Numer- 
ous theoretical publications have been written on said attractive modulation technique [Kalet, "The multitone Channel", 
IEEE Trans. Commun, vol. 37, no. 2, Feb. 1989], [Fazel, G. Fettweis, "Multi-Carrier Spread-Spectrum", Kluwer Aca- 
demic Publ., 1997]. Specifically in multipath fading propagation situations, such as for example encountered in an 
indoor environment, multicarrier modulation is a beneficial technique. Indeed, thanks to the insertion of a guard interval 

20 containing a cyclic prefix, it enables a very efficient way of combatting I SI , being intersymbol interference. Moreover, 
adaptive loading techniques make it possible to considerably increase the throughput performances [L. Van der Perre, 
S. Thoen, P. Vandenameele, B. Gyselinckx, M. Engels. "Adaptive loading strategy for a high speed OFDM-based 
WLAN". In Globecom '98. Sydney, Australia, November 1998]. However, for a given carrier modulation, the bandwidth 
efficiency in terms of bits/sec/hertz is fixed. Given the massive growth of wireless communication and the importance 

25 of broadband services, the spectrum becomes increasingly scarce. One method to increase the capacity or the band- 
width efficiency of a wireless system, is to apply cellularization in order to reuse spectrum in different non-interfering 
cells. While this technique has been applied successfully in mobile telephone networks, it is -from an economic point 
of view-inappropriate for small- or medium-scale indoor networks as WLANs or home LANs. First of all, high operating 
frequencies (i.e. millimetre wave band) would be required to achieve a reasonable reuse factor [M. Chiani, D. Dardari, 

30 A. Zanella, O. Andrisano. " Service Availability of Broadband Wireless Networks for Indoor Multimedia at Millimeter 
Waves". In ISSSE '98. pp. 29-33, Pisa, Italy, September 1998],[T. Ithara, T. Manabe, M. Fujita, T. Matsui and Y. Sugi- 
moto. "Research Activities on Millimeter-Wave Indoor Wireless Communications", in ICUPC '95, Tokyo, Japan, No- 
vember 1995]. Secondly, cellularisation introduces an extra layer of hierarchy and complicates the protocol stack. 
Thirdly, cellularisation increases the installation effort. An alternative method that allows spectrum reuse and which 

35 has none of the disadvantages of cellularisation, is the application of Space Division Multiple Access (SDMA) tech- 
niques [A. Paulraj, C. Papadias. "Space-Time Processing for Wireless Communications", IEEE Signal Processing 
Magazine, pp. 49-83 , November 1 997]. Making use of an antenna array, SDMA can separate different users commu- 
nicating over the same frequency band and at the same time, by exploiting their distinct spatial signature. As such, it 
allows reuse within one cell of the cellularized space. SDMA has been proposed for single-carrier systems, where its 

40 benefits have been extensively proven [G. Tsoulos, M. Beach and J. MacGeehan, "Wireless personal communications 
for the 21st century: European technological advances in adaptive antennas", IEEE Communications Magazine, Vol. 
35, No. 9, pp. 102-9, Sept 1997],[R. Roy, "An overview of smart antenna technology and its application to wireless 
communication systems", in IEEE International Conf. On Personal Wireless Communications, pp234-8, New York, NY, 
1997],[S. Jeng, G. Xu, H. Lin and W. Vogel, "Experimental study of antenna arrays in indoor wireless applications", in 

45 Asilomar Conference on Signals, Systems and Computers, pp. 766-70 Los Alamitos, CA, 1 996]. However, these single- 
carrier SDMA systems for high speed (e.g. 100Mbps) wireless systems demand a massive amount of processing (e. 
g. in the order of Gflops) [P. Vandenameele, L. Van der Perre, B. Gyselinckx, M. Engels and H. De Man, "An SDMA 
Algorithm for High-Speed Wireless LAN", in Globecom 98 Sydney, Australia, pp. 189-194, November 1998]. The com- 
bination of OFDM as a modulation technique with an antenna array is known in the art [G. Raleigh and J. Cioffi, "Spatio- 

50 Termporal Coding for Wireless Communication", IEEE Transaction on Communications, Vol. 46, No.3, pp. 357-366, 
March 1 998]. However, these algorithms are limited to a single user scenario and do not enable SDMA. 

Aims of the invention 

55 [0003] The aim of the present invention is to increase the performance/cost ratio of high-speed wireless networks 
by providing communication methods (also denoted transmission methods, being transmitting from at least one peer 
and receiving on at least one other peer) and a dedicated apparatus being inherently multi-user, multi-carrier and 
exploiting space division multiple access principles. Said transmission methods and said apparatus enables high spec- 
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trum efficient communication under multipath fading conditions. 
Summary of the invention 

5 [0004] In a first aspect of the invention (Figure 1 ) a method of transmitting data signals from at least two transmitting 
terminals with each at least one transmitting means to at least one receiving terminal with a spatial diversity receiving 
means is disclosed. Said spatial diversity receiving means can be a plurality of at least two antenna's being spaced 
apart or having a different polarization. The transmitting terminals can be grouped in a composite peer. The receiving 
terminals can be grouped in a processing peer. The spatial diversity receiving means comprises of at least two receiving 

10 means related to each other in such a way that said receiving means provide different spatial samples of a same data 
signal. In a first step in said transmitting method from said transmitting terminals transmitted data signals are transmit- 
ted. This transmission can be substantially simultaneously. The spectra of said transmitted data signals can be at least 
partly overlapping. The transmitted data signals are transformed versions of said data signals. In a second step in said 
transmitting method on said spatial diversity means received data signals are received. Said received data signals are 

is at least function of at least two of said transmitted data signals. In a third step at least two of said received data signals 
are subband processed in said receiving terminal. In a last step estimates of said data signals are determined from 
said subband processed received data signals in said receiving terminal. 

[0005] Subband processing of a data signal having a data rate, comprises in principle of splitting said data signal in 
a plurality of data signals, with a lower data rate and modulating each of said plurality of data signals with another 

20 carrier. Said carriers are preferably orthogonal. In an embodiment said subband processing of a data signal can be 
realized by using serial-to-parallel convertors and using a transformation on a group of data samples of said data signal. 
[0006] The transmission method exploits thus a multi-carrier approach but then in a multi-user context as at least 
two transmitting terminals are present. The transmission method separates different users or transmitting terminals 
based on the different spatial samples of the signals received on the spatial diversity means. As such the transmission 

25 method can be understood as being a Space Division Multiple Access technique but then in a multi-carrier constellation 
instead of single carrier. However the method is more than a straightforward concatenation of a Space Division Multiple 
Access technique and a multi-carrier method. Indeed such a concatenation would result in time-domain processing of 
the data signals while the invention exploits the inherent frequency parallelism of subband processing techniques which 
result in a low complexity processing of the data signals in the frequency domain, compared to plain SDMA ; being a 

30 time-domain technique. This enables low complexity nonlinear processing of the data signals, which improves the 
performance considerably. Indeed by such nonlinear processing of the data signals the invention exploits the frequency 
diversity observed for the different users. It can be mentioned that the data signals to be transmitted are often at least 
partially independent as they are originating from different users, although the transmission method does not rely on 
this. 

35 [0007] In an embodiment of this first aspect of the invention subband by subband processing is disclosed. Said 
subband by subband processing can also be denoted per-subband or per-carrier processing. 

[0008] In another embodiment of this first aspect of the invention a method for successive interference cancellation 
is disclosed. Said successive interference cancellation can be but is not limited to be realized in a subband by subband 
processing approach. 

40 [0009] In yet another embodiment of this first aspect of the invention a method for interference dependent state 
insertion is disclosed. 

[0010] In still a further embodiment of this first aspect of the invention a method for exploiting coherence grouping 
(being subband grouping) during initialization is disclosed. 
[0011] Said embodiments of said first aspect can be combined. 

45 [001 2] I n a second aspect of the invention a method of transmitting data signals from at least one transmitting terminal 
with a spatial diversity transmitting means to at least two receiving terminals with at least one receiving means is 
disclosed. The transmitting terminals can be grouped in a processing peer. The receiving terminals can be grouped in 
a composite peer. The spatial diversity transmitting means comprises of at least two transmitting means related to 
each other in such a way that said transmitting means provide different spatial samples of a same data signal. In a 

50 first step of the transmitting method combined data signals are determined in said transmitting terminal. Said combined 
data signals are transformed versions of said data signals. In a second step of the invented transmitting method said 
combined data signals are inverse subband processed. In a next step said inverse subband processed combined data 
signals are transmitted with said spatial diversity means. The spectra of said transmitted inverse subband processed 
combined data signals can be at least partly overlapping. In a further step on at least one of said receiving means of 

55 at least one receiving terminal inverse subband processed received data signals are received and then estimates of 
said data signals are determined from said inverse subband processed received data signals. It can be mentioned that 
said data signals are often at least partially independent as their destinations are different users, but the invented 
transmission method does not rely on that. Said first and second aspect of the invention can be combined. 
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[0013] In a third aspect of the invention an apparatus for determining estimates of data signals from at least two at 
least substantially simultaneously received data signals is disclosed. Said received data signals have at least partly 
overlapping spectra. Said apparatus comprises at least of at least one spatial diversity receiving means, circuitry being 
adapted for receiving said received data signals with said spatial diversity receiving means, circuitry being adapted for 
s subband processing at least two of said received data signals and circuitry being adapted for determining estimates 
of said data signals from subband processed received data signals. Said apparatus can be exploited in uplink trans- 
mission methods in the processing peer. 

[0014] In an embodiment of this third aspect of the invention parallelism in the apparatus structure is disclosed. This 
kind of parallelism can be exploited due to the inherent frequency parallelism, typical for the invented transmission 

10 methods. Indeed said circuitry being adapted for determining estimates of said data signals from subband processed 
received data signals can comprises a plurality of circuits each being adapted for determining part of said estimates 
of said data signals based on part of the subbands of said subband processed received data signals. 
[0015] In another embodiment of this third aspect of the invention further parallelism is introduced in the apparatus 
structure in the circuitry being adapted for receiving said received data signals. 

is [0016] In a fourth aspect of the invention an apparatus for transmitting inverse subband processed combined data 
signals comprising at least of at least one spatial diversity transmitting means, circuitry being adapted for combining 
data signals, circuitry being adapted for inverse subband processing combined data signals, and circuitry being adapted 
for transmitting inverse subband processed combined data signals with said spatial diversity means, is disclosed. Said 
apparatus can be exploited in the downlink transmission methods in the processing peer. 

20 [0017] In an embodiment of the invention parallelism in the apparatus structure is introduced either in said circuitry 
being adapted for combining data or (and) in said circuitry being adapted for transmitting inverse subband processed 
combined data signals. 

[001 8] An apparatus having the functionality and architectural characteristics of both said apparatus in said third and 
fourth aspect of the invention can be defined. 

25 

Brief description of the drawings 

[0019] Figure 1: (Up-link) communication setup with a composite peer (10), comprising of at least two transmitting 
terminals (20), each having at least one transmitting means (60) and a processing peer (30), comprising of at least 

30 one receiving terminal (40), having a spatial diversity receiving means (being represented here but not limited thereto 
by two spaced apart receiving means (80)). Said receiving terminal (40) at least performs subband processing (90). 
The top of figure 1 shows a concentrated scenario wherein said receiving terminal further performs inverse subband 
processing (110). The bottom of figure 1 shows a split scenario wherein the transmitting terminals further performs 
inverse subband processing (160). 

35 [0020] Figure 2: (Down-link) communication setup with a composite peer (340), comprising of at least two receiving 
terminals (330), each having at least one receiving means (320) and a processing peer (230), having at least one 
transmitting terminal (240), having a spatial diversity transmitting means (being represented here but not limited hereto 
by two spaced apart transmitting means (220)). Said transmitting terminal (240) performs at least inverse subband 
processing (260). The top of figure 2 shows a concentrated scenario wherein said transmitting terminal (240) further 

40 performs subband processing (280). The bottom of figure 2 shows a split scenario wherein the receiving terminals 
performs subband processing (350). 

[0021] Figure 3 shows the performance of an embodiment of the invention being uplink Least-Squares-OFDM/SDMA 
for one to four simultaenous users. The Bit Error Rate (BER) is shown as function of the Signal to Noise Ratio (SNR). 
Said embodiment can be exploited for an arbitrary number of users. In said embodiment OFDM is exploited as subband 

45 method, through exploiting of inverse fast Fourier transform and fast Fourier transform. Said determining of estimates 
of data signals from subband processed received data signals is in said embodiment based on Least-Squares methods. 
[0022] Figure 4 shows the performance of pcSIC (per-carrier successive interference cancellation) for uplink OFDM/ 
SDMA for one to four simultaneous users. The Bit Error Rate (BER) is shown as function of the Signal to Noise Ratio 
(SNR). Said embodiment can be exploited for an arbitrary number of users. Said determining of estimates of data 

so signals from subband processed received data signals is in said embodiment based on determining an estimate of a 
selected data signal, in a Least-Squares sense, then modifying subband processed received data signals, and finally 
determining estimates of the remaining data signals, being all data signals except the selected data signal. For said 
remaining data signals said determining of estimates of a selected data signal can be exploited also. Said selection of 
data signals approach results in introducing an ordering in which estimates of data signals will be determined. 

55 [0023] Figure 5: Error propagation with uplink SIC-OFDM/SDMA. The error count and the Signal Interference Ration 
(SIR) is shown as function of frequency. Said observation of the error propagation motivates the use of State Insertion 
methods. 

[0024] Figure 6 shows the performance of pcSIC for uplink OFDM/SDMA with State Insertion for one to four simul- 



4 



EP 1 075 093 A1 



taneous users. Said embodiment can be exploited for an arbitrary number of users. The Bit Error Rate (BER) is shown 
as function of the Signal to Noise Ration (SNR). Said determining of estimates of data signals from subband processed 
received data signals in said embodiment based on determining a plurality of estimates of a selected data signals, 
then accordingly modifying said subband processed received data signals, then determining estimates of at least one 
s of the remaining data signals, being all the data signals except the selected data signal, and finally selecting one of 
said plurality of estimates of said selected data signal. Said selection of data signals approach results in introducing 
an ordering in which estimates of data signals will be determined. The amount of estimates to be determined per data 
signal can differ and can possibly be one for some data signals. 

[0025] Figure 7 shows the performance of downlink OFDM/SDMA for one to four simultaneous users. Said embod- 
10 iment can be exploited for an arbitrary number of users. The Bit Error Rate (BER) is shown as function of the Signal 
toNoise Ratio (SNR). 

[0026] Figure 8 shows the performance of uplink OFDM/SDMA for different coherence grouping factors. The Bit 
Error Rate (BER) is shown as function of the Signal to Noise Ration (SNR). In said embodiment the initialization, being 
the determining of relations between data signals and subband processed received data signals, is performed on a 
is set-by-set basis. Said coherence grouping factor denote the amount of subbands in a set. 

[0027] Figure 9 presents the operation count (initialization and processing) of Least-Squares-OFDM/SDMA. 
[0028] Figure 10 present the operation count (initialization and processing) of pcSIC (per-carrier successive inter- 
ference cancellation)-OFDM/SDMA. 

[0029] Figure 11 presents the additional operation count for State Insertion (initialization and processing). 

20 

Detailed description of the invention 

[0030] The invention is not limited to the detailed description of the invention found below. 

[0031] The invention concerns (wireless) communication between terminals (20) (40) (330) (240). We can logically 

25 group the terminals on each side of the communication and call them peers (340) (230) (10) (30). Each peer can 
embody one or more terminals, whereby at least one peer embodies more than one terminal. The focus of the invention 
is thus multi-user. The peers can be transmitting and/or receiving information. For example, the peers can communicate 
in a half-duplex, being either transmitting or receiving at one time instance or a full duplex fashion, being substantially 
simultaneously transmitting and receiving. 

30 [0032] The invention introduces Space Division Multiple Access (SDMA) techniques for systems making use of sub- 
band processing, and thus fits in a multi-carrier approach. In the invention, at least one of the communication peers 
(30) (230) consists of terminal(s) (40) (240) disposing of transmitting and/or receiving means (80) (220) that are able 
to provide different spatial samples of the transmitted and/or received signals. We will call these transmission and/or 
receiving means spatial diversity means. We will call the peer(s) disposing of said spatial diversity means the processing 

35 peer(s) (30)(230). Said processing peer communicates with at least two terminals at the opposite peer (10) (340), 
which can operate at least partially simultaneously and the communicated signals' spectra can at least partially overlap. 
Note that Frequency Division Multiple Access techniques rely on signals spectra being non-overlapping while Time 
Division Multiple Access techniques rely on communicating signals in different time slots thus not simultaneously. We 
will call this opposite peer(s) consisting of at least two terminals (20) (330) using the same frequencies at the same 

40 time, the composite peer(s) (10)(340). The invention concerns (wireless) communication between terminals whereby 
at least the processing peer(s) (30) (230) disposes of subband processing means. 

[0033] The communication between the composite peer and the processing peer can consist of uplink (Figure 1) 
and downlink (Figure 2) transmissions. With uplink transmission is meant a transmission whereby the composite peer 
transmits data signals and the processing peer receives data signals. With downlink transmission is meant a trans- 
45 mission whereby the processing peer transmits data signals and the composite peer receives data signals. The uplink 
and downlink transmissions can either be simultaneous (full duplex) (for example using different frequency bands), or 
they can operate in a time-duplex fashion (half duplex)(for example using the same frequency band), or any other 
configuration. 

[0034] (Wireless) transmission of data or a digital signal from a transmitting to a receiving circuit requires digital to 
50 analog conversion in the transmission circuit and analog to digital conversion in the receiving circuit. In the further 
description it is assumed that the apparatus in the communication set-up have transmission and receiving means, also 
denoted front-end, incorporating these analog to digital and digital to analog conversion means including amplification 
or signal level gain control and realizing the conversion of the RF signal to the required baseband signal and vice versa. 
A front-end can comprise of amplifiers, filters and mixers (down converters). As such in the text all signals are repre- 
55 sented as a sequence of samples (digital representation), thereby assuming that the above mentioned conversion also 
takes place. Said assumption does not limit the scope of the invention though. Communication of a data or a digital 
signal is thus symbolized as transmitting and receiving of a sequence of (discrete) samples. Prior to transmission, the 
information contained in the data signals can be fed to one or more carriers or pulse-trains by mapping said data signals 
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to symbols which consequently modulate the phase and/or amplitude of the carrier(s)or pulse-trains (e.g. using QAM 
or QPSK modulation). Said symbols belong to a finite set, which is called the transmitting alphabet. The signals resulting 
after performing modulation and/or front-end operations on said data signals, are called transformed data signals, to 
be transmitted further. 

5 [0035] After reception by the receiving means, the information contained in the received signals is retrieved by trans- 
formation and estimation processes. These transformation and estimation processes can include but should not include 
demodulation, subband processing ; decoding ; equalization. After said estimation and transformation processes, re- 
ceived data signals are obtained consisting of symbols belonging to a finite set : which is called the receiving alphabet. 
The receiving alphabet is preferably equal to the transmitting alphabet. 

10 [0036] The invention can further exploit methods and means for measuring the channel impulse responses between 
the transmission and/or reception means of the individual terminals at the composite peer on the one hand, and the 
spatial diversity means of the processing peer on the other hand. The channel impulse responses measurement can 
be either obtained on basis of an uplink transmission and/or on basis of a downlink transmission. The thus measured 
channel impulse responses can be used by the processing peer and/or composite peer in uplink transmissions and/ 

is or in downlink transmissions. The invention can further exploits methods for determining the signal power of received 
data signals and methods for determining the interference ratio of data signals. 

[0037] The spatial diversity means ensures the reception or transmission of distinct spatial samples of the same 
signal. This set of distinct spatial samples of the same signal is called a spatial diversity sample. In an embodiment, 
spatial diversity means embody separate antennas. In this embodiment, the multiple antennas belonging to one terminal 

20 can be placed spatially apart (as in Figure 1 and 2), or they can use a different polarization. The multiple antennas 
belonging to one terminal are sometimes collectively called an antenna array. The invention is maximally efficient if 
the distinct samples of the spatial diversity sample are sufficiently uncorrelated. In an embodiment, the sufficiently 
uncorrelated samples are achieved by placing different antennas apart over a sufficiently large distance. For example, 
the distance between different antennas can be chosen to be half a wavelength of the carrier frequency at which the 

25 communication takes place. Spatial diversity samples are thus different from each other due to the different spatial 
trajectory from the transmitting means to their respective receiving means or vice versa. Alternatively said spatial 
diversity samples are different from each other due to the different polarization of their respective receiving or trans- 
mitting means. 

[0038] The methods described rely on the fact that at least the processing peer performs subband processing, called 
30 SP in the sequel, in the uplink mode (Figure 1), and inverse subband processing, called ISP in the sequel, in the 
downlink mode (Figure 2). Furthermore, in the uplink mode ISP takes place either in the composite peer prior to trans- 
mission (see Figure 1 bottom) or in the processing peer after SP (see Figure 1 top). In the downlink mode, SP takes 
place either in the composite peer after reception (see Figure 2 bottom) or in the processing peer before ISP (see 
Figure 2 top). The scenarios where both ISP and SP are in either transmission direction carried out in the processing 
35 peer are called concentrated scenarios. The remaining scenarios, i.e. where ISP and SP are carried out in different 
peers in either transmission direction, are called split scenarios. 

[0039] The uplink transmission methods can be formalized as a first aspect of the invention being methods of data 
signals (50) from at least two transmitting terminals (20) with each at least one transmitting means (60) to at least one 
receiving terminal (40) with a spatial diversity receiving means (80) comprising the following steps: (first step) trans- 

40 mitting from said transmitting terminals (20) transformed data signals (70), being transformed versions of said data 
signals; (second step) receiving on said spatial diversity means (80) received data signals being at least function of at 
least two of said (transmitted) transformed data signals (70); (third step) subband processing (90) of at least two of 
said received data signals in said receiving terminal (40); and (fourth step) determining estimates of said data signals 
(120) from (the obtained) subband processed received data signals (140) in said receiving terminal. 

45 [0040] Said transmitting of said transformed data signals can be substantially simultaneously. The spectra of said 
transformed data signals can be at least partly overlapping. 

[0041] In the uplink split scenario said transformation of said data signals (50) to transformed data signals (70) 
comprises inverse subband processing (160). In the uplink concentrated scenario said determining (150) of estimates 
of said data signals from (the obtained) subband processed received data signals in said receiving terminal comprises 
50 the following steps: (first step) determining (100) intermediate estimates of said data signals (130) from said subband 
processed received data signals in said receiving terminal; (second step) obtaining said estimates of said data signals 
(120) by inverse subband processing (110) said intermediate estimates. 

[0042] The downlink transmission method can be formalized as a second aspect of the invention being methods of 
transmitting data signals (200) from at least one transmitting terminal (240) with a spatial diversity transmitting means 
55 (220) to at least two receiving terminals (330)with at least one receiving means (320) comprising the following steps: 
(first step) determining (250) combined data signals (300) in said transmitting terminal, said combined data signals 
being transformed versions of said data signals; (second step) inverse subband processing (260) said combined data 
signals; (third step) transmitting with said spatial diversity means (220) (the obtained) inverse subband processed 
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combined data signals; (fourth step) receiving on at least one of said receiving means (320) of at least one receiving 
terminal (330) inverse subband processed received data signals; (fifth step) determining estimates of said data signals 
from said inverse subband processed received data signals. 

[0043] Said transmitting can be substantially simultaneously. The spectra of said (transmitted) inverse subband proc- 

s essed combined data signals can be at least partly overlapping; 

[0044] In the downlink split scenario said determining of said estimates of said data signals in said receiving terminals 
comprises subband processing (350). In the downlink concentrated scenario determining combined data signals in 
said transmitting terminal comprises the following steps: (first step) determining intermediate combined data signals 
(290) by subband processing (280) said data signals; (second step) determining (270) said combined data signals 

10 from said intermediate combined data signals. 

[0045] It must be mentioned that said transmission methods intend to transmit data signals from one peer to another 
peer but that due to transmission conditions in fact only estimates of said data signals can be obtained in the receiving 
peer. Said transmission methods naturally intend to be such that said estimates of said data signals are approximating 
said data signals as close as technically possible. 

is [0046] It is a characteristic of the invention that said transmission methods are not a straightforward concatenation 
of a Space Division Multiple Access technique and a multi-carrier modulation method. Indeed a straightforward con- 
catenation would be to modulate in the transmitting terminal with such a multi-carrier method, then transmit in a Space 
Division Multiple Access setting and at the receiving terminal combine the different signals received on the spatial 
diversity means into a combined signal and then demodulate the combined signal. In the split scenario of the invention 

20 in the transmitting terminal the (to be transmitted) transformed signal is also modulated with a multi-carrier method 
and there is a transmission in a Space Division Multiple Access setting but in the receiving terminal first the different 
received signals on the spatial diversity means are demodulated and only then the demodulated received signals are 
combined. In the concentrated scenario both modulation and demodulating is concentrated in the receiving peer in the 
uplink and in the transmitting peer in the downlink. Note that here with modulation and demodulation subband and 

25 inverse subband processing is meant and not standard modulation. 

[0047] In an embodiment of both the first and second aspect of the invention implements a multicarrier modulation 
technique. An example of such a multicarrier modulation technique uses IFFT as ISP and FFT as SP, and the modulation 
technique is called Orthogonal Frequency Multiplexing (OFDM) modulation. It can be stated that in said uplink trans- 
mission method that said subband processing is orthogonal frequency division demultiplexing. It can also be stated 

30 that in said uplink transmission method that said inverse subband processing is an orthogonal frequency division mul- 
tiplexing. It can also be stated that in said downlink transmission method that said subband processing is orthogonal 
frequency division demultiplexing. It can also be stated that in said downlink transmission method that said inverse 
subband processing is orthogonal frequency division multiplexing. 

[0048] In concentrated scenarios, the processing that is carried out in the processing peer on samples between SP 
35 (90) (280) and ISP (110) (260) is called subband domain processing (270)(100). In split scenarios ; the processing that 
is carried out prior to ISP (160) (260) in the transmitting terminal(s) and after SP (90) (350) in the receiving terminal 
(s). is called subband domain processing (eg. (250)). With before is meant coming earlier in time during the transmission 
or the reception, and with after is meant coming later in time during the transmission or the reception. In concentrated 
scenarios ; the signals (130) (140) (290) (300) between the SP and the ISP are called signals in subband domain 
40 representation. In split scenarios, the signals (50) (300) (200) before the ISP in the transmitting terminal(s) and the 
signals (360)(1 40)(1 20) after the SP in the receiving terminal(s) are called signals in a subband domain representation. 
[0049] In an embodiment, the subband processing consists of Fast Fourier Transform (FFT) processing and the 
inverse subband processing consists of Inverse Fast Fourier Transform Processing. By FFT processing is meant taking 
the Fast Fourier Transform of a signal. By Inverse FFT processing is meant taking the Inverse Fast Fourier Transform 
45 of a signal. 

[0050] In the invention the transmitted sequence is divided in data subsequences prior to transmission. Said data 
subsequences correspond to subsequences that will be processed as one block by the subband processing means. 
In case of multipath conditions, a guard interval containing a cyclic prefix or postfix is inserted between each pair of 
data subsequences in the transmitting terminal(s). If multipath propagation conditions are experienced in the wireless 

so communication resulting in the reception of non-negligible echoes of the transmitted signal and the subband processing 
means consist of (an) FFT and/or IFFT operation(s), this guard introduction results in the equivalence between con- 
volution of the time-domain data signals and the time-domain channel response with multiplication of the frequency- 
domain data-signals and the frequency-domain channel response. The insertion of said guard intervals can occur in 
both concentrated and split scenarios. One can thus state that in an embodiment of the invention in a split scenario, 

55 the transmitting terminal(s) insert guard intervals containing a cyclic prefix or postfix between each pair of data sub- 
sequences after performing ISP on the data subsequences and before transmitting the data subsequences. In another 
embodiment of the invention in a concentrated scenario, said guard intervals are inserted in the transmitted sequence 
between each pair of data subsequences without performing ISP on said data subblocks in the transmitting terminal 
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(s). This can be formalized as follows by stating that in said uplink transmission methods said transformation of said 
data signals to transmitted data signals further comprises of guard interval introduction. Said guard interval introduction 
can equally well be applied in the downlink transmission methods. Alternatively overlap and save techniques can be 
exploited also. 

5 [0051] The terminal(s) disposing of the spatial diversity means (thus in the processing peer) dispose(s) of SP and/ 
or ISP means that enable subband processing of the distinct samples of the spatial diversity sample. Also, it disposes 
of means for combinatory processing. By combinatory processing means is meant means that process data coming 
from subbands of the distinct samples in the spatial diversity sample. In said combinatory processing means, different 
techniques can be applied to retrieve or estimate the data coming from the different distinct terminals or to combine 

10 the data to be transmitted to distinct terminals. The invention discloses methods for performing said combinatory 
processing, both for uplink transmission and for downlink transmission. 

[0052] Combinatory processing in the uplink relates to a communication situation whereby the peer disposing of 
spatial diversity means ; which is called the processing peer, is receiving signals from the composite peer, which em- 
bodies different terminals transmitting (at least partially simultaneous) transformed data signals (having at least partially 
is overlapping spectra). With said determining of estimates of said data signals (120) from said subband processed 
received data signals (140) in said receiving terminal in said uplink transmission method is meant said combinatory 
processing. 

[0053] Combinatory processing in the downlink relates to a communication situation whereby the peer disposing of 
spatial diversity means ; which is called the processing peer, is transmitting signals to the composite peer, which em- 

20 bodies different terminals transmitting (at least partially simultaneous) so-called inverse subband processed combined 
data signals (having at least partially overlapping spectra). With determining (250) combined data signals (300) in said 
transmitting terminal in said downlink transmission method is meant said combinatory processing. 
[0054] In the invention further the following notations are used: x is used for a transmitted data sample. The notation 
y is used for a received data sample. The notation n is used for a noise sample. The notation X is used for a transmitted 

25 data sample matrix. The notation Y is used for a received data sample matrix. The notation N is used for a noise sample 
matrix. The notation greek symbol sigma is used for the variance of the noise. The notation h(t) is used for the channel 
impulse response represented in the time domain. The notation h[s] is used for the channel impulse response repre- 
sented in the frequency domain. The array index s (going from 1 to S) refers to the specific subband to which a sample 
or a channel impulse response corresponds. The notation S is used for the total number of subbands that are processed 

30 by the subband processing means. The superscript index u (going from 1 to U) refers to the individual terminal of the 
composite peer by which the data signal was sent in the uplink mode, or for which the data signal is intended in the 
downlink mode. The notation U is used for the number of simultaneous terminals of the same subbands in the composite 
peer. The subscript index a (going from 1 to A) refers to one specific spatial sample of the spatial diversity sample in 
the processing peer. The notation A is used for the number of distinct samples in the spatial diversity sample in the 

35 processing peer The notation e is used for an equalizer coefficient. The notation E is used for an equalizer coefficient 
matrix. The notation greek epsilon is used for the stochastical expectation operator. A ~ on top of a symbol indicates 
a soft estimation of the symbol. With a soft estimation is meant an estimation that is not necessarily contained in the 
receiving alphabet. A bar on top of a symbol indicates a hard estimation of the symbol. With a hard estimation is meant 
an estimation that is equal to a symbol contained in the receiving alphabet. 

40 [0055] In the invention decision methods are exploited. Said decision methods obtain one or more intermediate hard 
estimates, on basis of a single soft estimate. In an embodiment of the invention, said decision methods obtain one 
intermediate hard estimate by determining that signal from the receiving alphabet that has the smallest distance to the 
soft estimate. In another embodiment of the invention, said decision methods obtain multiple intermediate hard esti- 
mates by determining those signals from the receiving alphabet that have the smallest distance to the soft estimate. 

45 [0056] In the invention selection methods are exploited. Said selection methods obtain hard estimates for a specific 
data symbol on basis of intermediate hard estimates of said specific data symbol. In an embodiment of the invention, 
there is only one intermediate hard estimate for a specific data signal/symbol and the hard estimate is equal to the 
intermediate hard estimate. In another embodiment, there are several intermediate hard estimates for at least one data 
signal. From multiple intermediate hard estimates, one intermediate hard estimate for one specific data signal is se- 

50 lected as the hard estimate on basis of a probability criterion. 

[0057] In the invention recombiner methods are exploited. Said recombiner methods obtain recombined spatial di- 
versity samples, on basis of a hard or intermediate hard estimate, by calculating the spatial diversity samples that 
would have been received if the data symbol corresponding to said hard or intermediate hard estimate would have 
been transmitted. 

55 [0058] In the invention modifier methods are exploited. Said modifier methods obtain modified spatial diversity sam- 
ples, by applying the following steps. First, they obtain recombined spatial diversity samples by applying recombiner 
methods based on previously obtained hard or intermediate hard estimates. Secondly, they obtain modified spatial 
diversity samples by exploiting the recombined spatial diversity samples and the original spatial diversity samples. 
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[0059] Said modifier methods are exploited in the uplink transmission methods, denoted successive interference 
cancellation methods, wherein said determining of said estimates of said data signals from said subband processed 
received data signals in said receiving terminal further comprising for at least one data signal the following steps: (first 
step) selecting from said data signals a selected data signal; (second step) determining an estimate of said selected 

s data signal from said subband processed received data signals; (third step) modifying said subband processed received 
data signals based on said estimate of said selected data signal via a modifier method; and (fourth step) determining 
estimates of said remaining data signals from said modified subband processed received data signals. Note that said 
selection of a selected data signals is just determining for which signal said method will be applied. Said selection 
should not be confused with the selection methods described above. 

10 [0060] Said modifier methods are also exploited in the uplinktransmission methods, denoted state insertion methods, 
wherein said determining of said estimates of said data signals from said subband processed received data signals in 
said receiving terminal further comprising for at least one data signal the following steps: (first step)selecting from said 
data signals a selected data signal; (second step) determining a plurality of estimates of said selected data signal from 
said subband processed received data signals; (third step) determining a plurality of modified subband processed 

is received data signals, each of said modified subband processed received data signals being based on one of said 
estimates of said selected data signal, via a modifier method; (fourth step) determining a plurality of estimates of at 
least one of said remaining data signals from said plurality of modified subband processed received data signals; and 
(fifth step) thereafter selecting one of said estimates of said selected data signal (by a selection method). Note that 
said selection of a selected data signals is just determining for which signal said method will be applied. Said selection 

20 should not be confused with the selection methods described above. 

[0061] It can be mentioned that said estimate of said selected data signal in said successive interference cancellation 
methods can be considered to be a hard estimate. Said plurality of said estimates of said selected data signal in said 
state insertion methods can be considered as intermediate hard estimates. Said plurality of estimates of said remaining 
data signals in both said methods can be either (intermediate) hard or soft estimates. 

25 [0062] In the invention, methods for coherence grouping of subbands is presented. Said coherence grouping methods 
reduce the initialization effort, and can be used both in uplink and downlink transmissions. Said coherence grouping 
methods partition the S subbands in groups of adjacent subbands, each group i consisting of G| subbands. The initial- 
ization computations are in said coherence grouping methods performed only once for each subgroup, instead of for 
each subband separately. Said coherence grouping methods do not affect the performances of the combinatory 

30 processing methods, provided all subbands in a subgroup experience sufficiently correlated channel impulse respons- 
es. Therefore, the numbers G| are limited by the communication situation in order for the invention to be maximally 
efficient. For the initialization effort, said coherence grouping method results in a reduction of the computation com- 
plexity with a factor G, whereby G is the average of the numbers G, of the subbands in the subgroups. In an embodiment, 
the communication is based on OFDM transmission and the numbers G, are all chosen equal to a fixed part of the 

35 coherence bandwidth divided by the spacing between the carriers. The coherence bandwidth of the channel is the 
bandwidth over which the channel response is correlated. On a multipath propagation channel, said coherence band- 
width is inversely proportional to the relative delay of the echoes on the channel. I n another embodiment, the numbers 
G| are calculated on basis of a channel impulse response measurement, more specifically from the gradient of this 
channel impulse response. More formalized one can state that said determining of said estimates of said data signals 

40 in said receiving terminal comprises two steps. The first step is the initialization step wherein relations between said 
data signals and subband processed received data signals are determined. In the second step being the actual com- 
binatory processing said relations between said data signals and said subband processed received data signals are 
exploited for determining said data signals. The coherence grouping method is then characterized by stating said 
subbands are grouped into sets, at least one set comprising of at least two subbands and that said initialization step 

45 is performed on a set-by-set basis. 

[0063] In the invention, methods for combinatory processing for uplink communication are presented. Said combi- 
natory processing for uplink communication methods obtain in the receiving terminal estimates for datasignals trans- 
mitted from one or more terminals in the composite peer, on basis of the subband processed spatial diversity samples, 
which can also be denoted subband processed received data signals. 

50 [0064] In the invention, methods for per-subband combinatory processing for uplink communication are presented. 
Said per-subband combinatory processing for uplink communication methods obtain in the receiving terminal estimates 
for data signal(s) transmitted from one or more terminals in the composite peer and in one specific subband, on basis 
of the subband processed spatial diversity samples in that one specific subband, which can also be denoted subband 
processed received data signals in that one specific subband. Said per-subband combinatory processing methods can 

55 be formalized as methods in which said determining of estimates of said data signals in said receiving terminal is 
performed on a subband by subband basis. 

[0065] In an embodiment of the invention, said methods for per-subband combinatory processing for uplink commu- 
nication obtain estimates for data signal(s) from at least one terminal in the composite peer and in one specific subband, 
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by applying the following steps. First, they obtain soft estimates for the data signal(s) from each of these terminals and 
in that specific subband, by applying per-subband scalar combinatory processing for uplink communication methods. 
Secondly, they obtain estimates by applying decision methods on each of said soft estimates. 
[0066] In the invention, methods for per-subband scalar combinatory processing for uplink communication are pre- 
sented. Said per-subband scalar combinatory processing for uplink communication methods obtain soft estimates for 
data signal(s) in one subband and from one terminal in the composite peer, on basis of spatial diversity samples or 
modified spatial diversity samples in that subband. In an embodiment of the invention, said methods for per subband 
scalar combinatory processing for uplink communication obtain soft estimates for data signal(s) in one subband and 
from one terminal in the composite peer with linear methods. In this embodiment, the estimates of the data signal(s) 
transmitted by the terminal(s) of the composite peerf [s] are calculated by linearly combining the single corresponding 
carrier signals or subbands received on the different antennas with the equalizer coefficients E[s], following Formula 
1 below. 



~x l {s] 

















eV[s]...e U A [s] 



X[s] 



Formula 1 



[0067] In an embodiment, the linear estimation is performed on basis of least-squares (LS) methods. In this embod- 
iment of the invention, said E[s] is calculated to minimize the expectations given in Formula 2. For a given noise energy 
(sigma squared) and conditions on x given by Formula 3, E[s] obeys the U sets of linear equations of Formula 4, 
wherein the superscript H denotes the Hermitian transpose. 



x »[ s ]-i«[s]j*( x «[s]-ns]) 



Formula 2 



Formula 3 



H[s]H[sYt +C7 2 Iaxa\ eH ~H[s]=0 Formula 4 



[0068] In an embodiment of the invention, said methods for per subband scalar combinatory processing for uplink 
communication obtain soft estimates for data signal(s) in one subband and from one terminal in the composite peer 
by linear zero forcing (ZF) methods. In this embodiment of the invention, said E[s] is calculated to maximally annihilate 
the channel distortion without taking the noise energy into account, in a so-called zero-forcing way. In this embodiment 
E[s] obeys the U sets of linear equations of Formula 5. 



Formula 5 



[0069] In an embodiment of the invention, said methods for per subband combinatory processing for uplink commu- 
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nication obtain soft estimates for data signal(s) in one subband and from one terminal in the composite peer with non- 
linear methods such as for example maximum likelihood symbol estimation (MLSE). 

[0070] In the invention, methods for combinatory processing for downlink communication are presented, called down- 
link combinatory processing methods. Said downlink combinatory processing methods are carried out in the processing 
peer to facilitate the estimation in the composite peer of the transmitted data signals from the processing peer. Said 
downlink combinatory processing methods produce a spatial diversity sample, on basis of at least two data signals, 
resulting in combined data signals. Said combined data signals then undergo ISP and are afterwards transmitted by 
the spatial diversity means, resulting in transmitted data signals, the spectra of said transmitted data signals being at 
least partly overlapping. The transmitted data signals are then transmitted on the channel. Said combinatory processing 
can be described as a step for determining combined data signals in said transmitting terminal, said combined data 
signals being transformed versions of said data signals. Thereafter inverse subband processing of said combined data 
signals is performed, followed by transmitting with said spatial diversity means said inverse subband processed com- 
bined data signals, the spectra of said transmitted inverse subband processed combined data signals being at least 
partly overlapping. 

[0071] In an embodiment of the invention, said methods for combinatory processing for downlink communication 
apply per-subband combinatory processing for downlink communication in at least one subband. In this embodiment, 
said downlink combinatory processing methods produce a combined data signal in one subband, on basis of the data 
signals in that specific subband. This can be described as determining of combined data signals in said transmitting 
terminal on a subband by subband basis. 

[0072] In an embodiment of the invention, said downlink combinatory processing methods calculate said combined 
data symbol, called Y[s] by linearly combining the data signals, called X[s], with a precompensation matrix E PRE [s]. In 
this embodiment, the Formula 6 holds: 

X[s] = H T [s] . E PRE [ s] . Y[s] + N"[s] Formula 6 

[0073] In an embodiment, U = A and E PRE [s] is the inverse of the channel matrix H^" 1 )[s]. 

[0074] In another embodiment, U < A and E PRE [s] is the pseudo-inverse of the channel matrix such that Formula 7 
holds: 

H T [s].E pRE [s] = l UxU Formula 7 

[0075] In an embodiment of the invention, said methods for combinatory processing for downlink communication 
take into account non-idealities in the analogue front-end(s) in the transmitting- and or receiving terminal(s). 
[0076] In an embodiment of the invention, said methods for combinatory processing for downlink communication 
avoid distortion in the analogue front-end(s). 

[0077] In an embodiment of the invention, said precompensation matrix comprises nulls for one or more data signals 
on one or more specific subbands. In this embodiment, efficient and effective power usage can be obtained. 
[0078] In an embodiment of the invention, as well the terminals in the processing peer as the terminals in the com- 
posite peer dispose of spatial diversity means and of subband and combinatory processing means, and both the 
processing and the composite peers embody at least two terminals transmitting data signals at least partially simulta- 
neously whereby these transmitted data signals have at least partially overlapping spectra. In this embodiment, both 
the uplink and the downlink combinatory processing methods can be used in either transmission direction between 
two peers. 

[0079] In a preferred embodiment, the processing peer is the basestation of a star-configuration network, which can 
be connected to the backbone of a wired network. Different terminals communicate simultaneously in the same fre- 
quency band with the basestation. The terminals only need a single front-end, and a plain OFDM-modem (i.e. without 
SDMA processing capabilities). This embodiment can work in a multipath fading environment, for applications such 
as for example Wireless Local Area Networks. This embodiment can work in the 5-6 GHz band, and can achieve a 
network capacity of 155 Mbps and above. In this embodiment, the spatial diversity means consisting of multiple trans- 
mitting and/or receiving means are concentrated in the basestation, thus reducing the overall hardware complexity and 
cost of the configuration. In this embodiment, the spatial diversity means comprises of multiple antennas spaced half 
a wavelength apart. Also, the peers communicate on basis of OFDM as a modulation technique. The ISP and SP are 
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performed on basis of IDFT (Inverse Discrete Fourier Transform) and DFT (Discrete Fourier Transform) processing 
respectively, and the subbands can be referred to as carriers. A guard interval containing a cyclic prefix is inserted 
between OFDM symbols at the transmitter side. SDMA is then applied in the frequency-domain. In addition to the 
aggregate of the advantages of both OFDM and SDMA, this approach results in simpler exploitation of spatial diversity 
s compared to time-domain methods. For the estimation algorithms of the OFDM/SDMA systems : known least-squares 
(LS) or maximum likelihood symbol estimation (MLSE) algorithms can be applied. Also a novel class of uplink OFDM/ 
SDMA methods with improved performance and still low complexity can be applied. These methods implement suc- 
cessive interference cancellation per carrier, state insertion and coherence grouping. 

[0080] To illustrate the performance, the algorithms are applied to a 100 Mbps OFDM/SDMA WLAN. It has a 4-an- 
10 tenna basestation that separates up to 4 simultaneous users by SDMA. Each of these transmit 256-OFDM symbols 
at a datarate of 25 Mbps with QPSK. The guard interval is designed to comprise all the echoes received on the multipath 
propagation channel, so that the channel convolution becomes cyclic after removal of the guard interval. Thus, in the 
frequency-domain it becomes equivalent to multiplication with the Fourier transform of the channel, h u Js], Measures 
are taken to synchronize the different users communicating simultaneously in the same band. Under these conditions, 
is the received data Y[s] can be written as in Formula 8. It is possible under the given circumstances to calculate an 
estimation ~ x " [s] of the data sequences X^[s] on a carrier per carrier basis. This per carrier estimation greatly simplifies 
the SDMA processing, and it allows a profound parallellization of this processing. Indeed an apparatus for performing 
SDMA/OFDM can comprise of a plurality of circuits being adapted for determining estimates of data signals based on 
part of the subbands of the subband processed received data signals, preferably one subband per circuit. Subsequently 
20 to the per carrier estimation, a decision on which element of the transmitting alphabet is nearest to the signal(s) resulting 
from the per carrier estimation. Said decision results in hard estimates f . 



30 
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[0081] The per carrier SDMA processing in the uplink can be performed in a linear fashion. In this case, the estimates 
of the data signals transmitted by the terminals^ [s] are calculated by linearly combining the single corresponding 
35 carrier signals received on the different antennas with the equalizer coefficients E[s], following Formula 1 . 

[0082] Said E[s] is calculated to minimize the expectations given in Formula 2. For a given noise energy (sigma 
squared) and conditions on x given by Formula 3, E[s] obeys the U sets of linear equations of Formula 4, wherein the 
superscript H denotes the Hermitian transpose. 

[0083] Subsequently to equalization, the soft estimates are fed into a slicer, which determine the nearest constellation 
40 points with a decision method. This results in the hard estimates f . The equalizer coefficients E[s] could alternatively 
be calculated to maximally annihilate the channel distortion without taking the noise energy into account, in a so-called 
zero-forcing way. In this method, E[s] obeys the U sets of linear equations, given by Formula 5. 
[0084] The performance of the system is evaluated by simulation with realistic channel data obtained from ray-tracing. 
The resulting curves show the bit error rate (BER) as a function of the received signal-to-noise ratio per bit (SNR). 
45 [0085] Figure 3 shows the performance of LS-OFDM/SDMA for one to four simultaneous users. As a reference, the 
dashed curve gives the performance of a single-user single-antenna 100 Mbps plain OFDM link. An important obser- 
vation is that the four-antenna four-user LS-OFDM/SDMA system outperforms plain OFDM. This demonstrates that a 
bandwidth re-use factor four is achievable without any performance penalty. 

[0086] To evaluate the implementation complexity, we determine the total number of operations needed to execute 
50 the LS-OFDM/SDMA algorithm. The overall functionality can be separated into initialization and processing. During 
initialization, the equalizers E LS [s] are calculated from Formula 4 by Gaussian elimination with multiple right-hand sides. 
During processing, equalization and slicing have to be performed, which respectively correspond to a matrix multipli- 
cation and a set of comparators. Note that processing is done continuously, at the symbolrate ; opposed to the initial- 
ization which is only calculated once. Figure 9 summarizes the approximative number of multiplications, additions and 
55 data transfers needed for the execution of both phases, per sub-carrier. The number of data transfers is an indicative 
number for the amount of memory/register transfers. Since the architecture has not been determined yet, the allocation 
of the data transfers to memory or register banks is an open issue. However, it is important to stress that data transfers 
often are the implementation bottleneck. As an example, the four-user four-antenna system from would require 72 
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kflops and 200kdata transfers during initialization and 400 Mflops/sec and a data transfer bandwidth of 1.2 Gwords/ 
sec during processing. 

[0087] In an OFDM/SDMA system, for certain subcarriers one or more users may be completely buried in multi-user 
interference (MUI) or have highly correlated channel vectors. Obviously these users will suffer from residual MUI and 
noise after linear equalization. To mitigate this effect, in the invention Successive Interference Cancellation (SIC) is 
used, preferably Per Carrier (pcSIC). Opposed to LS-OFDM/SDMA, this technique does not estimate all users simul- 
taneously, but does this successively, preferably on a certain subcarrier. As such the MUI originating from users that 
have been detected already, can be removed (thereby modifying the original signal carrier). This technique relies on 
feedback of intermediate hard estimates and is thus non-linear. Note also that pcSIC-OFDIWSDMA -since it works 
preferably on a per-carrier basis- elegantly exploits frequency diversity, which is another example of synergy from the 
OFDM/SDMA combination. Further per-carrier successive interference cancellation (pcSIC) is presented, although the 
invention is not limited hereto. On each subcarrier n, the detection order is first determined, preferably according to 
the received signal power. We assume that user 1 to user U are properly ordered. Successively, each user's soft 
estimate is calculated by least-squares linear combining according to Formula 9. 



y"M\ 



Formula 9 



H"[s] = 



Formula 10 



[0088] In this equation E LS [s] is found as in Formula 4 except that for each iteration u, H[s] is replaced by Formula 
10 with the y 1 a [s] equal to the initial yjs] from Formula 8. Afterwards, the MUI originating from user u is reconstructed 
(in general called recombining) and subtracted (thereby modifying) from the residual MUI as in Formula 11 with x u [s] 
the hard intermediate estimate of user u after slicing (being a decision method). In the plain pcSIC algorithm, there is 
only one intermediate hard estimate for each data signal on each carrier, which will consequently be selected as the 
hard estimate (being a selection method). 




Formula 11 



[0089] Successive Interference Cancellation (SIC) can be described as an uplink transmission method wherein said 
determining of said estimates of said data signals from said subband processed received data signals in said receiving 
terminal for at least one data signal (but not limited to one) the following steps: (first step) selecting from said data 
signals a selected data signal. This selecting step can for instance be but is not limited to selecting the first data signal 
from the data signals being ordered according to received signal power, (second step) determining an estimate of said 
selected data signal from said subband processed received data signals, for instance but not limited to linear combining 
of the subband processed received data signals including slicing, (third step) modifying said subband processed re- 
ceived data signals based on said estimate of said selected data signal, for instance but not limited to recombining 
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and subtraction according to Formula 11 , such that modified subband processed received data signals are obtained, 
(fourth step) finally estimates of said remaining data signals from said modified subband processed received data 
signals are determined, possibly by applying the same steps successively. Note that subband can also be denoted 
carriers. 

[0090] In an embodiment of the successive interference cancellation uplink transmission method said determining 
of estimates (all steps) is performed on a subband by subband basis. 

[0091] Figure 4 shows the performance of pcSIC-OFDM/SDMA. Again, the BER over SNR curves are given for one 
to four users. As a reference, the dashed curve gives the performance of single-user single-antenna 100 Mbps plain 
OFDM and the thin curves give the performance of LS-OFDM/SDMA. It shows that pcSIC-OFDM/SD MA yields a per- 
formance improvement compared to LS-OFDM/SDMA that increases with an increasing number of users. To be spe- 
cific, for a BER of 0.001 and for four simultaneous users, we observe a 5 dB gain. For a complexity estimation of the 
pcSIC algorithm for OFDM/SDMA, we also discern between initialization and processing. During initialization, the can- 
cellation order is determined and the equalizers are calculated. Since the channel matrix is different for each user u 
the latter would require U distinct Gaussian eliminations. However, by exploiting structural relationships between the 
H u [s]'s, we managed to reduce the required number of operations with 0(A 2 U 2 ). During processing, reconstruction 
(recombination) and subtraction (modification) have to be performed in addition to equalization and slicing. The total 
approximative number of operations for both phases of the pcSIC-OFDM/SDMA algorithm are given in Figure 10 . 
More specific, the four-user four-antenna system would require respectively 170kflops and 250kdata-transfers in the 
initialization phase and 700Mflops/sec and a data-transfer bandwidth of 1 .8Gwords/sec. 

[0092] A potential weakness of (pc)SIC-OFDM/SDMA is that its performance degrades when at least two users are 
received with approximately equal power. Under such transmission conditions, the probability of making an erroneous 
decision is increased, resulting in error propagation. This potential deficiency is illustrated in Figure 5 which shows for 
each carrier -in the bottom part -the signal-to-interference ratio (SIR) during the first iteration and -in the upmost part- 
the number of errors that occurred. Note however that from an inform at ion -theoretic viewpoint it is optimal that all users 
have identical power. To resolve the problem of error propagation, we use interference-dependent state insertion (SI). 
Essentially, by inserting additional state information on those carriers that suffer from a bad SIR, we can seriously 
decrease the probability of error propagation at a reasonable cost. Preferably State Insertion is applied in the (pc)SIC- 
OFDM/SDMA methods. The State Insertion method is further presented in a subcarrier by subcarrier approach but is 
not limited hereto. 

[0093] First, the SIRs of user 1 for each subcarrier n are calculated from the knowledge of the equalizers E LS [s]. 
Next, one additional state m is assigned to each of the M subcarriers n m that suffer most from SIR. These M states 
keep track of alternative estimates, called intermediate hard estimates in the above, x w 1 [m] for user 1. These are 
defined as the nearest constellation point tc*„ M 1 [s m ] except for* 1 [s m ], which is the sliced version of; 1 [s m ]. After 
these assignments the M additional states are treated as normal subcarriers to obtain ^[sj, successively for u=2 to 
U. In explicit, the MUI originating from user u-1 is reconstructed (after recombining with a channel response estimation) 
and subtracted (thereby modifying the original signal) according to Formula 1 2 and the soft estimatesi l/w u [s m ] are com- 
puted by least-squares combining according to Formula 1 3. Finally for each of those M subbands the algorithm selects 
from the intermediate hard estimates either x u [s m ] ori rt /'[s m ] as hard estimate if respectively the first or second of the 
2-norms of Formula 13 is smallest. 




Formula 12 



Formula 13 
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[0094] The State Insertion uplink transmission method can be described as a method wherein said determining of 
said estimates of said data signals from said subband processed received data signals in said receiving terminal further 
comprising for at least one data signal (but not limited to one) the following steps: (first step) selecting from said data 
signals a selected data signal; (second step) determining a plurality of estimates of said selected data signal from said 
subband processed received data signals, said estimates are above denoted intermediate hard estimates; (third step) 
determining a plurality of modified subband processed received data signals, each of said modified subband processed 
received data signals being based on one of said (intermediate hard) estimates of said selected data signal. A recom- 
bination and modifier method are exploited here; (fourth step) determining a plurality of estimates of at least one of 
said remaining data signals from each of said plurality of modified subband processed received data signals, for in- 
stance via but not limited to least squares linear combination; (last step) and thereafter selecting one of said estimates 
of said selected data signal, for instance but not limited to evaluation of a norm of said modified subband processed 
received data signals. 

[0095] In an embodiment of State Insertion uplink transmission method said determining of estimates (all steps) is 
performed on a subband by subband basis. 

[0096] In an embodiment of the invention said State Insertion uplink transmission method is used in combination 
with Successive Interference Cancellation, preferably on a subband by subband basis. 

[0097] Figure 6 shows the performance of pcSIC-OFDM/SDMA with interference-dependent state insertion for the 
exemplary system. The number of extra states was set to M=64. As a reference, the dashed curve gives the perform- 
ance of single-user single-antenna 100Mbps plain OFDM and the thin curves give the performance of pcSIC-OFDM/ 
SDMA without state insertion. It shows that pcSIC-OFDM/SDMA with 64 additional states achieves a 6 dB gain at a 
BER of 0.001 and for four simultaneous users compared to pcSIC-OFDM/SDMA without SI. Other simulations also 
show that the performance improvement for SI with 32 and 16 states is respectively 5 dB and 4 dB. 
[0098] For an estimation of the complexity of pcSIC-OFDM/SDMA with SI, the functionality can again be split in an 
initialization and a processing part. During initialization, each subcarrier's SIR after equalization needs to be computed, 
followed by state insertion for the M worst SIR subcarriers. During processing, M extra states need to be tracked using 
Formula 12 and 13, followed by selection based on the residual 2-norms of Formula 14. 



[0099] The operations required for state insertion of M out of N subcarriers are given in Figure 11 . To obtain the total 
number of operations for pcSIC-OFDM/SDMA with SI the operations from Figure 1 0 have to be added to this. For the 
four-user four-antenna system, pcSIC-OFDM/SDMA with 64 additional states would require 220kflops and 310kdata- 
transfers during the initialization phase and 1.1Gflops/sec and a data-transfer bandwidth of 2.6Gwords/sec in the 
processing phase. 

[0100] In the downlink transmission, the terminals of the composite peer are receiving signals and the processing 
peer is transmitting signals. The receiving terminals only dispose of a single antenna and a plain OFDM modem (i.e. 
without SDMA processing capabilities) in this embodiment. Since the user terminals have only a single antenna and 
since we want to concentrate most of the processing power in the basestation, they cannot mitigate multi-user inter- 
ference in the downlink. Therefore, the basestation carries out a precompensation matrix E PRE on the datasymbol 
vector Y[s] to obtain Y TR [s], which is then transmitted on the A antennas. The input-output relation of Formula 6 is 
obtained. 

[0101] Neglecting any non-idealities, this approach results in perfect separation of each user's datasymbols and 
perfect equalization upon reception. Therefore, no channel information or equalizer is needed in the mobiles. By ap- 
plying these precompensation matrices for each carrier n, the input-output relation becomes as in Formula 15. 
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Formula 15 



= fUxU-y[s]+N"[s] 
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[0102] Thus, each user sees a single-user AWGN channel per carrier. Figure 7 shows the average BER in the down- 
link for different numbers of users. Since there is no interference, the number of simultaneous users does not influence 
performance (provided it does not exceed the number of antennas and no non-idealities occur). 
[0103] The processing in the downlink again consists of both initialization and processing. In the initialization phase, 
s the pre-compensation matrices are calculated. During the processing, the user data Y[s] is then multiplied with said 
pre-compensation matrices. The complexity for both initialization and processing is approximately the same as for the 
LS-OFDM/SDMA scheme in the uplink. 

[0104] In addition to the proposed OFDM/SDMA techniques proposed for both uplink and downlink communication, 
the initialization effort in both situations can be simplified by applying coherence grouping. This initialization effort is 

10 characterized as determining the equalizer or the precompensation matrices, wherein Formulas 4, 5 or 7 are exploited. 
With said equalizer matrices relations between said data signals and subband processed received data signals are 
defined like in Formula 1 , 9 or 1 3. With said precompensation matrices relations between said combined data signals, 
being transformed versions of said data signals, are defined like in Formula 6 or 15. Instead of determining said matrices 
for each subband separately, said subbands can be grouped into sets, at least one set comprising of at least two 

is subbands and said matrices or more generally said relations can then be determined on a set-by-set basis. The groups 
are in an embodiment of this coherence grouping principle all of equal size G. Figure 8 shows the performance deg- 
radation associated with carrier grouping applied to pcSIC-OFDM/SDMA with SI, for several values of G. It is observed 
that for the simu lated channel the degradation is negligible for G smaller then or equal to 4. For G greater then or equal 
to 32, the performance becomes inferior to single-user single-antenna plain OFDM. We may conclude that for the 

20 system of interest the initialization complexity can be reduced with a factor 8. For the example of a 100 Mbps OFDM/ 
SDMA WLAN that uses SDMA to separate four simultaneous 25 Mbps users, some numerical results for the perform- 
ance gain and the complexity can be given. If pcSIC-OFDM/SDMA with 64-SI and a group size of eight is implemented, 
a performance gain of 11dB is obtained at a BER of 0.001 compared to the least-squares approach. The required 
computational power is respectively 27kflops and 40kdata-transfers during initialization and 1 . 1 Gflops/sec and a data- 

25 transfer bandwidth of 2. 6G words/sec during processing. 

[0105] In another preferred embodiment, the processing peer provides an access point to a connecting network (this 
connecting network can for example be a cable network or a satellite network), and the composite peer consists of 
wireless terminals for which cost is a major issue. In this embodiment, only the access point has DFT (Discrete Fourier 
Transform) and I DFT (Inverse Discrete Fourier Transform) processing means. This enables a cheap realization of both 

30 the digital baseband modem part of the terminals in the composite peer, and of the front-ends of all terminals in the 
system since a high peak-to -average power ratio of the transmitted signals is avoided. Atypical application of asym- 
metric frequency domain SDMA could for example be a wireless home networking application in the 2.4 GHz band. 
Such an asymmetric configuration does implements a so-called concentrated scenario, wherein subband processing 
and inverse subband processing is located in the processing peer. In this transmission method the determination of 

35 estimates of said data signals from said subband processed received data signals in said receiving terminal comprising 
the following steps: (first step) determining intermediate estimates of said data signals from said subband processed 
received data signals in said receiving terminal; (second step) obtaining said estimates of said data signals by inverse 
subband processing said intermediate estimates. In this embodiment, the methods of the invention can be used not 
only to detect the signals of different terminals transmitting simultaneously in the same frequency band, but for example 

40 also to mitigate the interference from a microwave oven causing disturbance signals in the band. In multipath fading 
environment, such as for example home environments, guard intervals can be inserted in the data signals prior to 
transmission. If these guard intervals are again designed to comprise all the echoes received on the multipath channel, 
the channel convolution becomes cyclic after removal of the guard intervals. Thus, in the frequency-domain it becomes 
equivalent to multiplication with the Fourier transform of the channel. This embodiment allows cheap terminals in the 

45 processing peer and can implement uplink as well as downlink combinatory processing, in a way similar as OFDM/ 
SDMA, including successive interference cancellation, preferably per subband and state insertion. 



Claims 

50 

1. A method of transmitting data signals (50) from at least two transmitting terminals (20) with each at least one 
transmitting means (60) to at least one receiving terminal (40) with a spatial diversity receiving means (80) com- 
prising the steps: 

55 - transmitting from said transmitting terminals (20) transformed data signals (70), being transformed versions 

of said data signals; receiving on said spatial diversity means (80) received data signals being at least function 
of at least two of said transformed data signals (70); 

subband processing (90) of at least two of said received data signals in said receiving terminal (40); and 
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determining estimates of said data signals (1 20) from subband processed received data signals (1 40) in said 
receiving terminal. 

2. The method recited in 1 , wherein said transmissing being substantially simultaneously. 

5 

3. The method recited in 1 , wherein, the spectra of said transformed data signals being at least partly overlapping. 

4. The method recited in 1 , wherein the spectra of said transformed data signals being at least partly overlapping. 

10 5. The method recited in 1, wherein the step of determining of said estimates of said data signals from subband 
processed received data signals in said receiving terminal further comprising for at least one data signal the steps 
of: 

selecting from said data signals a selected data signal; 
is - determining an estimate of said selected data signal from said subband processed received data signals; 

modifying said subband processed received data signals based on said estimate of said selected data signal; 
and 

determining estimates of said remaining data signals from said modified subband processed received data 
signals. 

20 

6. The method recited in claim 5, wherein the step of selecting a data signal being based on the receiving power of 
said data signals. 

7. The method recited in claim 5, wherein the step of selecting a data signal being based on the interference ratio of 
25 said data signals. 

8. The method recited in claim 1 , wherein the step of determining of said estimates of said data signals from subband 
processed received data signals in said receiving terminal further comprises for at least one data signal the steps of: 

30 - selecting from said data signals a selected data signal: 

determining a plurality of estimates of said selected data signal from said subband processed received data 
signals; 

determining a plurality of modified subband processed received data signals, each of said modified subband 
processed received data signals being based on one of said estimates of said selected data signal; 
35 - determining a plurality of estimates of at least one of said remaining data signals from said plurality of modified 

subband processed received data signals; and 

thereafter selecting one of said estimates of said selected data signal. 

9. The method recited in claim 8, wherein the step of selecting a data signal being based on the interference ratio of 
40 said data signals. 

10. The method recited in claim 1, wherein: 

the subbands, being involved in said subband processing, being grouped into sets, at least one set comprising 
45 of at least two subbands; 

the step of determining of said estimates of said data signals in said receiving terminal comprising the steps: 
determining relations between said data signals and subband processed received data signals on a set-by- 
set basis; 

exploiting said relations between said data signals and said subband processed received data signals for 
so determining said data signals. 

11. The method recited in claim 1, wherein said transformation of said data signals (50) to transformed data signals 
(70) comprising the step of inverse subband processing (160). 

55 12. The method recited in claim 1 , wherein the step of determining (1 50) estimates of said data signals from subband 
processed received data signals in said receiving terminal comprises the steps of: 

determining (100) intermediate estimates of said data signals (130) from said subband processed received 
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data signals in said receiving terminal; 

obtaining said estimates of said data signals (120) by inverse subband processing (110) said intermediate 
estimates. 

13. The method recited in claim 1 , wherein said transformation of said data signals to transmitted data signals further 
comprising guard interval introduction. 

14. The method recited in claim 1 , wherein said subband processing being orthogonal frequency division demultiplex- 
ing. 

15. The method recited in claim 11 and 12, wherein said inverse subband processing being orthogonal frequency 
division multiplexing. 

16. A method of transmitting data signals (200) from at least one transmitting terminal (240) with a spatial diversity 
transmitting means (220) to at least two receiving terminals (330)with at least one receiving means (320) comprising 
the steps: 

determining (250) combined data signals (300) in said transmitting terminal, said combined data signals being 

transformed versions of said data signals; 

inverse subband processing (260) said combined data signals; 

transmitting with said spatial diversity means (220) inverse subband processed combined data signals; 
receiving on at least one of said receiving means (320) of at least one of said receiving terminals (330) inverse 
subband processed received data signals, being at least function of said inverse subband processed combined 
data signals; and 

determining estimates of said data signals from said inverse subband processed received data signals. 

17. The method recited in claim 16, wherein said transmitting of inverse subband processed combined data signals 
being substantially simultaneously. 

18. The method recited in claim 16, wherein the spectra of said inverse subband processed combined data signals 
being at least partly overlapping. 

19. The method recited in claim 16, wherein the step of determining of combined data signals in said transmitting 
terminal being on a subband by subband basis. 

20. The method recited in claim 16, wherein the step of determining of said estimates of said data signals in said 
receiving terminals comprising subband processsing (350). 

21. The method recited in claim 16, wherein the step of determining combined data signals in said transmitting terminal 
comprising the steps: 

determining intermediate combined data signals (290) by subband processing (280) said data signals; 
determining (270) said combined data signals from said intermediate combined data signals. 

22. The method recited in claim 20 and 21 , wherein said subband processing being orthogonal frequency division 
demultiplexing. 

23. The method recited in claim 16, wherein said inverse subband processing being orthogonal frequency division 
multiplexing. 

24. The method recited in claim 16, wherein: 

said subbands, being involved in inverse subband processing, being grouped into sets, at least one set com- 
prising of at least two subbands; 

the step of determining (250) of combined data signals (300) in said transmitting terminal (240) comprising 
the steps: 

determining relations between said data signals and said combined data signals on a set-by-set basis; and 
exploiting said relations between said data signals and said combined data signals for determining said data 
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signals. 

25. The method recited in claim 16, wherein in said inverse subband processed combined data signals a guard interval 
being introduced. 

26. An apparatus for determining estimates of data signals from at least two received data signals, said received data 
signals, said apparatus comprising at least of 

at least one spatial diversity receiving means (80); 

circuitry being adapted for receiving said received data signals with said spatial diversity receiving means; 
circuitry being adapted for subband processing (90) at least two of said received data signals; and 
circuitry (150) being adapted for determining estimates of said data signals from subband processed received 
data signals. 

27. The apparatus recited in claim 26 wherein said circuitry being adapted for determining estimates of said data 
signals from subband processed received data signals comprises a plurality of circuits each being adapted for 
determining part of said estimates of said data signals based on part of the subbands of said subband processed 
received data signals. 

28. The apparatus recited in claim 26, wherein said spatial diversity means comprises of at least two receiving means 
and said circuitry being adapted for receiving said received data signals with said spatial diversity means comprises 
a plurality of circuits each being adapted for receiving said received data signals from one of said receiving means 
of said spatial diversity means. 

29. An apparatus for transmitting inverse subband processed combined data signals comprising at least of: 

at least one spatial diversity transmitting means; 
circuitry being adapted for combining data signals; 

circuitry being adapted for inverse subband processing combined data signals; 

circuitry being adapted for transmitting inverse subband processed combined data signals with said spatial 
diversity means. 

30. The apparatus recited in claim 29, wherein said circuitry being adapted for combining data signals comprising a 
plurality of circuits each being adapted for combining data signals based on part of the subbands of said data 
signals. 

31. The apparatus recited in claim 29, wherein said spatial diversity transmitting means comprises at least two trans- 
mitting means and said circuitry being adapted for transmitting inverse subband processed combined data signals 
comprises a plurality of circuits each being adapted for transmitting said inverse subband processed combined 
data signals with one of said transmitting means of said spatial diversity means. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a communica- 
tion apparatus and transmit power control method, and 
more particularly, to a communication apparatus and 
transmit power control method used in a radio commu- 
nication using a CDMA system as a radio access sys- 
tem. 

Description of the Related Art 

[0002] Recently, in a CDMA radio communication 
system, a case sometimes occurs that a plurality of con- 
trol channels and user channels exists together in the 
same carrier frequency. Therefore, the existence of a 
channel on which signals are transmitted with the trans- 
mit power more than a required level causes the inter- 
ference with other users ; and thereby degrades the re- 
ception performance in the other users. Accordingly, it 
is necessary to suppress the transmit power to an extent 
enabling a predetermined received quality to be main- 
tained. 

[0003] A conventional transmit powercontrol is herein 
explained. FIG.1 is a diagram illustrating a communica- 
tion aspect of a base station apparatus and communi- 
cation terminal apparatus. 

[0004] Communication terminal apparatus 10 meas- 
ures SIR (Signal to Interference Ratio) of a signal trans- 
mitted from base station apparatus 20. Then, commu- 
nication terminal apparatus 1 0 compares the measured 
S I R wit h a req u i red S I R va I u e , an d i n st ru cts bas e stat i o n 
apparatus 20 to increase or decrease the transmit pow- 
er. 

[0005] According to the instruction transmitted from 
communication terminal apparatus 10, base station ap- 
paratus 20 changes the transmit power of a signal to be 
transmitted to communication terminal apparatus 10. 
[0006] However, as described in a variable rate CD- 
MA transmit power control method disclosed in Japa- 
nese Laid Open Patent Publication H El 11 -17646, in a 
conventional configuration, a transmit power control er- 
ror sometimes occurs due to a time delay between the 
time the transmit power control information is deter- 
mined and the time the transmit power is actually updat- 
ed according to the transmit power control information. 
[0007] An example of the above transmit power con- 
trol will be described below. FIG. 2 is a view showing an 
example of the conventional transmit power control. 
[0008] In FIG. 2, the abscissa is indicative of time, the 
ordinate is indicative of SIR, and instructions for com- 
munication terminal apparatus 10 to transmit to base 
station apparatus 20 are indicated at a lower portion in 
the figure. In FIG. 2, the instruction "UP" is an instruction 
for increasing the transmit power of base station appa- 



ratus 20, while the instruction "DW" is another instruc- 
tion for decreasing the transmit power of base station 
apparatus 20. 

[0009] S1 is indicative of SIR of a signal received by 
5 communication terminal apparatus 1 0 at time t1 . Since 

51 has a value lowerthan a required SIR value a1 , com- 
munication terminal apparatus 1 0 transmits the instruc- 
tion "UP" to base station apparatus 20. 

[0010] S2 is indicative of SIR of a signal received by 
10 communication terminal apparatus 1 0 at time t2. Since 

52 has a value lower than the required SIR value a1 , 
communication terminal apparatus 10 transmits the in- 
struction "UP" to base station apparatus 20. Base sta- 
tion apparatus 20 receives at time t2 the instruction "UP" 

*5 transmitted from communication terminal apparatus 1 0 
at time t1 , and increases the transmit power to transmit 
a signal to communication terminal apparatus 10. 
[0011] S3 is indicative of SIR of a signal received by 
communication terminal apparatus 10 at time t3. Since 

20 S3 has a value lower than the required SIR value a1 , 
communication terminal apparatus 10 transmits the in- 
struction "UP" to base station apparatus 20. Base sta- 
tion apparatus 20 receives at time t3 the instruction "UP" 
transmitted from communication terminal apparatus 1 0 

25 at time t2, and increases the transmit power to transmit 
a signal to communication terminal apparatus 10. 
[0012] S4 is indicative of SIR of a signal received by 
communication terminal apparatus 10 at time t4. Since 

54 has a value lower than the required SIR value a1 , 
30 communication terminal apparatus 1 0 transmits the in- 
struction "UP" to base station apparatus 20. Base sta- 
tion apparatus 20 receives at time t4 the instruction "UP" 
transmitted from communication terminal apparatus 1 0 
at time t3, and increases the transmit power to transmit 

35 a signal to communication terminal apparatus 10. 

[0013] S5 is indicative of SIR of a signal received by 
communication terminal apparatus 10 at time t5. Since 

55 has a value higher than the required SIR value a1 , 
communication terminal apparatus 10 transmits the in- 

40 struction "DW" to base station apparatus 20. Base sta- 
tion apparatus 20 receives at time t5 the instruction "UP" 
transmitted from communication terminal apparatus 1 0 
at time t4, and increases the transmit power to transmit 
a signal to communication terminal apparatus 10. 

45 [0014] S6 is indicative of SIR of a signal received by 
communication terminal apparatus 10 at time t6. Since 

56 has a value higher than the required SIR value a1 , 
communication terminal apparatus 10 transmits the in- 
struction "DW" to base station apparatus 20. Base sta- 

50 tion apparatus 20 receives at time t6 the instruction 
"DW" transmitted from communication terminal appara- 
tus 10 at time t5, and decreases the transmit power to 
transmit a signal to communication terminal apparatus 
10. 

55 [0015] Thus, in communications between communi- 
cation terminal apparatus 10 and base station appara- 
tus 20, the transmit power control error occurs due to a 
time delay between the time the transmit power control 
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information is determined and the time the transmit pow- 
er is actually updated according to the transmit power 
control information. 

[0016] In the case where the transmit power control 
information is bit information for instructing an increase 
or decrease amount in the transmit power, even when 
the propagation environment of radio signals is static, a 
time difference arises until the transmit power control 
information is reflected in a transmit power level, due to 
a propagation delay of a control signal, and therefore 
the transmit power level changes more than the in- 
crease or decrease amount in the transmit power, and 
consequently varies widely from the required level. As 
a result, the SIR value of a signal received by the com- 
munication terminal apparatus also varies widely from 
the required SIR value. In particular, as the delay in the 
control time is increased, the variation amount in the SIR 
of the received signal is increased. 
[0017] Further the transmit power control error also 
occurs under the environment of fading. As a result of 
the above transmit power variation, the received quality 
in the communication terminal apparatus deteriorates 
when thetransmit power is controlled belowthe required 
power level, while the received qualities in other users 
may deteriorate when the transmit power is controlled 
above the required power level. 

SUMMARY OF THE INVENTION 

[0018] It is an object of the present invention to pro- 
vide a communication apparatus and transmit power 
control method that reduce a variation more than an in- 
crease or decrease amount in the transmit power in the 
vicinity of a required level of the transmit power. 
[0019] In the closed-loop transmit power control, 
there occurs a delay between transmitting an instruction 
on the transmit power control obtained from a received 
signal quality to a communication partner and reflecting 
the instruction in the transmit power of the communica- 
tion partner. Therefore, the present invention achieves 
the above object by providing a required received qual- 
ity, which is a criterion for the transmit power control, 
with a range allowing a transmit power level varying dur- 
ing such a delay to judge, and thereby performing the 
transmit power control. 

[0020] Specifically, the present invention achieves the 
above object by when the received quality of a received 
signal is in the range of the required received quality, 
referring to previous instructions on the transmit power 
control, instructing the transmit power so that the in- 
structions on the transmit power do not lean in either 
direction, and thereby reducing the variation in thetrans- 
mit power due to the propagation delay of a control sig- 
nal. 

[0021] More specifically, the present invention 
achieves the above object by in the closed-loop transmit 
power control method, setting a required range from the 
required level of the received quality, instructing a 



change opposite to a previously instructed change with 
respect to the increase or decrease in the transmit pow- 
er control when the received quality is in the required 
range, and thereby reducing the variation in thetransmit 
5 power due to the propagation delay of the control signal . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The above and other objects and features of 
10 the invention will appear more fully hereinafter from a 
consideration of the following description taken in con- 
nection with the accompanying drawing wherein one ex- 
ample is illustrated by way of example, in which; 

15 FIG.1 is a diagram illustrating a communication as- 
pect of a base station apparatus and a communica- 
tion terminal apparatus; 

FIG. 2 is aviewshowing an example of conventional 
transmit power control; 

20 FIG. 3 is a block diagram illustrating an example of 
configurations of a communication terminal appa- 
ratus and a base station apparatus according to a 
first embodiment of the present invention; 
FIG. 4 is a view showing an example of transmit 

25 power control between the communication terminal 
apparatus and base station apparatus according to 
the first embodiment of the present invention; 
FIG. 5 is a block diagram illustrating another exam- 
ple of configurations of the communication terminal 

30 apparatus and the base station apparatus accord- 
ing to the first embodiment of the present invention; 
FIG. 6 is a block diagram illustrating another exam- 
ple of configurations of the communication terminal 
apparatus and the base station apparatus accord- 

35 jng to the first embodiment of the present invention; 
and 

FIG. 7 is a block diagram illustrating an example of 
configurations of a communication terminal appa- 
ratus and a base station apparatus according to a 
40 second embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

45 [0023] Embodiments of the present invention will be 
described below with reference to accompanying draw- 
ings. 

(First embodiment) 

50 

[0024] The first embodiment of present invention ex- 
plains a case that in the closed-loop transmit power con- 
trol, the transmit power control is performed by consid- 
ering a delay occurring during a period while an instruc- 
ts tion on transmit power control obtained from a received 
signal quality is transmitted to a communication partner 
and then the instruction is reflected in the transmit power 
of the communication partner, and providing a required 
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received quality, which is a criterion for the transmit pow- 
er control, with a range allowing a transmit power level 
varying during such a delay to judge. 
[0025] FIG. 3 is a block diagram illustrating an exam- 
ple of configurations of a communication terminal appa- 
ratus and a base station apparatus according to the first 
embodiment of the present invention. 
[0026] Communication terminal apparatus 100 is 
mainly comprised of antenna 101, receiving section 
1 02, SIR measuring section 1 03, threshold setting sec- 
tion 104, threshold determining section 105, control bit 
generating section 106, storage section 107, multiplex- 
ing section 108. transmitting section 109 and antenna 
110. 

[0027] Further base station apparatus 150 is mainly 
comprised of antenna 151 . receiving section 152, con- 
trol bit demodulation section 1 53, transmit power update 
section 154, transmitting section 155, and antenna 156. 
[0028] Generally, a delay occurs during a period while 
communication terminal apparatus 1 00 transmits an in- 
struction on the transmit power control to base station 
apparatus 150 and then base station apparatus 150 
transmits a signal with the transmit power with the in- 
struction reflected therein to communication terminal 
apparatus 100, and therefore the received quality 
changes by an amount corresponding to the time delay 
in this loop. 

[0029] Hence, the required received quality is provid- 
ed with a range in advance, and when a received quality 
is in the range, communication terminal apparatus 100 
refers to a previous instruction on the transmit power 
control, and with respect to an instruction on an increase 
or decrease in the transmit power, transmits an instruc- 
tion opposite to the previous instruction to base station 
apparatus 150. 

[0030] Antenna 101 receives a radio signal transmit- 
ted from base station apparatus 150 to output to receiv- 
ing section 102. Receiving section 102 converts the re- 
ceived radio signal into a signal with a baseband fre- 
quency to demodulate, and outputs the demodulated 
signal to SIR measuring section 103. 
[0031] SIR measuring section 103 measures SIR 
(Signal to Interference Ratio) of the demodulated signal 
to output to threshold determining section 105. 
[0032] Threshold setting section 104 calculates an 
SIR upper limit obtained by adding a predetermined 
amounttothe required SIR value and an SIR lower limit 
obtained by subtracting a predetermined value from the 
required SIR value to output to threshold determining 
section 105. 

[0033] When the SIR of the received signal is larger 
than the SIR upper limit, threshold determining section 
105 outputs an instruction for decreasing the transmit 
power to control bit generating section 106. Further, 
when the SIR is smaller than the SIR lower limit, thresh- 
old determining section 105 outputs an instruction for 
increasing the transmit power to control bit generating 
section 106. 



[0034] Furthermore, when the SI R of the received sig- 
nal is equal to or smaller than the SIR upper limit and 
equal to or largerthan the SIR lower limit, threshold de- 
termining section 105 outputs the determined result to 
5 control bit generating section 106. 

[0035] According to the determined result in threshold 
determining section 105, control bit generating section 
106 generates a TPC (Transmit Power Control) bit for 
instructing the transmit power control for a communica- 
tion partner to output to multiplexing section 1 08. 
[0036] When the SIR of the received signal is equal 
to or smaller than the SIR upper limit and equal to or 
larger than the SIR lower limit, control bit generating 
section 106 refers to a last instruction on the transmit 
power control stored in storage section 1 07, and outputs 
an instruction opposite to the last instruction with re- 
spect to an increase or decrease in the transmit power 
to storage section 107 and multiplexing section 108. 
[0037] For example, when an instruction ^"decreas- 
ing the transmit power by 1dB" is last output, control bit 
generating section 106 next outputs an instruction for 
"increasing the transmit power by 1 dB" to storage sec- 
tion 1 07 and multiplexing section 1 08. Meanwhile, when 
an instruction for "increasing the transmit power by 1 dB" 
is last output, control bit generating section 1 06 next out- 
puts an instruction for "decreasing the transmit power 
by 1 dB" to storage section 1 07 and multiplexing section 
108. 

[0038] Further, when the SIR value is largerthan the 
SIR upper limit, control bit generating section 106 gen- 
erates a TPC bit indicative of an instruction for decreas- 
ing the transmit power to output to storage section 1 07 
and multiplexing section 1 08. Meanwhile, when the SIR 
value is smallerthan the SIR lower limit, control bit gen- 
erating section 1 06 generates a TPC bit indicative of an 
instruction for increasing the transmit power to output to 
storage section 107 and multiplexing section 108. 
[0039] Storage section 1 07 stores the instructions on 
the transmit power control generated in control bit gen- 
erating section 106. 

[0040] Multiplexing section 1 08 multiplexes transmis- 
sion data and the TPC bit to output to transmitting sec- 
tion 1 09. Transmitting section 1 09 modulates the multi- 
plexed transmission data and TPC bit, converts the re- 
sultant signal into a radio signal, and transmits the radio 
signal through antenna 110. 

[0041 ] Receiving section 1 52 receives through anten- 
na 151 the radio signal transmitted from communication 
terminal apparatus 100, and converts the radio signal 
into a baseband signal to output to control bit demodu- 
lation section 153. Control bit demodulation section 153 
extracts a transmit power control bit from the received 
signal to output to transmit power update section 154. 
Transmit power update section 154 changes the trans- 
mit power according to the information contained in the 
transmit power control bit. 

[0042] Thus, communication terminal apparatus 100 
measures the SIR of a signal transmitted from base sta- 
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tion apparatus 150 to judge the transmit power control, 
and transmits an instruction on the transmit power con- 
trol to base station apparatus 150. Then, according to 
the instruction on the transmit power control transmitted 
from communication terminal apparatus 1 00, base sta- 
tion apparatus 150 changes the transmit power. 
[0043] The operation on the transmit power control 
will be explained next. FIG.4 is a diagram illustrating an 
example of the transmit power control between the com- 
munication terminal apparatus and base station appa- 
ratus according to the first embodiment of the present 
invention. 

[0044] In FIG.4, the abscissa is indicative of time, the 
ordinate is indicative of SIR, and instructions for com- 
munication terminal apparatus 100 to transmit to base 
station apparatus 1 50 are indicated at a lower portion in 
the figure. In FIG.4, the instruction "UP" is an instruction 
for increasing the transmit power of base station appa- 
ratus 150, while the instruction "DW" is another instruc- 
tion for decreasing the transmit power of base station 
apparatus 150. 

[0045] Communication terminal apparatus 1 00 sets a 
required SIR value a1 , an SIR lower limit a2, and an SIR 
upper limit a3. 

[0046] Changes in SIR of received signals and in- 
structions on the transmit power control will be ex- 
plained below with respect to time t1 to t6 in this order. 
[0047] S1 is indicative of SIR of a signal received by 
communication terminal apparatus 1 00 at time t1 . Since 

51 has a value lower than the SIR lower limit a2, com- 
munication terminal apparatus 100 transmits the in- 
struction "UP" at time tl. 

[0048] S2 is indicative of SIR of a signal received by 
communication terminal apparatus 1 00 at time t2. Since 

52 has a value lower than the SIR lower limit a2, com- 
munication terminal apparatus 100 transmits the in- 
struction "UP" at time t2. Base station apparatus 150 
receives at time t2 the instruction "UP" transmitted from 
communication terminal apparatus 100 at timetl, and 
increases the transmit power to transmit a signal to com- 
munication terminal apparatus 100. 

[0049] S3 is indicative of SIR of a signal received by 
communication terminal apparatus 1 00 at time t3. Since 

53 has a value lower than the SIR lower limit a2, com- 
munication terminal apparatus 100 transmits the in- 
struction "UP" at time t3. Base station apparatus 150 
receives at time t3 the instruction "UP" transmitted from 
communication terminal apparatus at time t2, and in- 
creases the transmit power to transmit a signal to com- 
munication terminal apparatus 100. 

[0050] S4 is indicative of SIR of a signal received by 
communication terminal apparatus 1 00 at time t4. Since 

54 has a value equal to or higher than the SIR lower 
limit a2 and equal to or lower than the SIR upper limit 
a3. communication terminal apparatus 100 refers to the 
last transmitted instruction, in other words, the instruc- 
tion "UP" transmitted at time t3, and transmits the in- 
struction "DW" opposite to the instruction "UP" at time 



t4. 

[0051 ] Base station apparatus 1 50 receives at time t4 
the instruction "UP" transmitted from communication 
terminal apparatus at time t3, and increases thetransmit 
5 power to transmit a signal to communication terminal 
apparatus 100. 

[0052] S5 is indicative of SIR of a signal received by 
communication terminal apparatus 100 attimet5. Since 

55 has a value equal to or higher than the SIR lower 
10 limit a2 and equal to or lower than the upper limit a3, 

communication terminal apparatus 100 refers to the last 
transmitted instruction, in other words, the instruction 
"DW" transmitted at time t4, and transmits the instruc- 
tion "UP" opposite to the instruction "DW" at time t5. 

15 [0053] Base station apparatus 1 50 receives at time t5 
the instruction "DW" transmitted from communication 
terminal apparatus 100 at time t4, and decreases the 
transmit power to transmit a signal to communication 
terminal apparatus 100. 

20 [0054] S6 is indicative of SIR of a signal received by 
communication terminal apparatus 100 attimet6. Since 

56 has a value equal to or higher than the SIR lower 
limit a2 and equal to or lower than the upper limit a3, 
communication terminal apparatus 100 refers to the last 

25 transmitted instruction, in other words, the instruction 
"UP" transmitted at time t5, and transmits the instruction 
"DW" opposite to the instruction "UP" to base station ap- 
paratus 150. 

[0055] Base station apparatus 1 50 receives at time t6 
30 the instruction "UP" transmitted from communication 
terminal apparatus 100 at time t5, and increases the 
transmit power to transmit a signal to communication 
terminal apparatus 100. 

[0056] Thus, according to the communication termi- 

35 nal apparatus and base station apparatus of the first em- 
bodiment of the present invention, in the closed-loop 
transmit power control, it is possible to reduce the vari- 
ation more than an increase or decrease amount in the 
transmit power in the vicinity of the required level of the 

40 transmit power, by setting a required range from the re- 
quired level of the received quality, and when the re- 
ceived quality is in the required range ; instructing a 
change opposite to a previously instructed change with 
respect to the increase or decrease in the transmit pow- 

45 er control. 

[0057] In addition, it is preferable that the required 
range of the received quality is more than or equal to a 
sum of a transmit power change amount multiplied by a 
delay time and a transmit power change amount at one 

50 time. That is, the required range of the received quality 
is only required to be more than a amount changing in 
the transmit power during a delay between transmitting 
a transmit power control instruction and reflecting the 
instruction. 

55 [0058] Further, the communication terminal appara- 
tus of this embodiment is capable of changing the 
threshold into an arbitrary value at an arbitrary timing. 
FIG. 5 is a block diagram illustrating another example of 
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configurations of the communication terminal apparatus 
and the base station apparatus in the first embodiment 
of the present invention. In addition, sections common 
to those in FIG. 3 are assigned the same reference nu- 
merals as in FIG.3, and the detailed explanation is omit- 
ted. 

[0059] Communication terminal apparatus 200 in 
FIG. 5 is different from the communication terminal ap- 
paratus in FIG.3 in a point that the apparatus 200 is pro- 
vided with threshold setting section 201 to change a 
threshold into an arbitrary value at an arbitrary timing. 
[0060] In FIG.5, threshold setting section 201 outputs 
an instruction for changing a threshold into an arbitrary 
value at an arbitrary timing to threshold determining sec- 
tion 105. For example, when the signal delay is large 
and the delay between transmitting a transmit power in- 
struction and reflecting the instruction is increased, 
threshold setting section 201 outputs an instruction for 
increasing the SIR upper limit and another instruction 
for decreasing the SIR lower limit to threshold determin- 
ing section 1 05. 

[0061] Further when the signal delay is small and the 
delay between transmitting a transmit power instruction 
and reflecting the instruction is decreased, threshold 
setting section 201 outputs an instruction for decreasing 
the SI R upper limit and another instruction for increasing 
the SIR lower limit to threshold determining section 1 05. 
[0062] According to the instructions output from 
threshold setting section 201, threshold determining 
section 1 05 changes the SIR upper limit and SIR lower 
limit to compare with the SIR of a received signal. 
[0063] Thus, communication terminal apparatus 200 
of this embodiment changes the SIR upper limit and SIR 
lower limit corresponding to a delay in the propagation 
path, and thereby makes a range from the SIR upper 
limit to the SIR lower limit more than a change amount 
in the transmit power control due to the propagation de- 
lay. As a result, when the SIR value is in the vicinity of 
the required SI Rvalue, it is possible to prevent the trans- 
mit power from being changed more than a change in 
the transmit power during a period from the time the re- 
ceived quality is compared to the time the instruction on 
the transmit power is reflected. 
[0064] Further the communication terminal appara- 
tus of this embodiment is capable of changing the SIR 
upper limit and SIR lower limit according to a change of 
the required SIR value. FIG. 6 is a block diagram illus- 
trating another example of configurations of the commu- 
nication terminal apparatus and the base station appa- 
ratus in the first embodiment of the present invention. In 
addition, sections common to those in FIG.3 are as- 
signed the same reference numerals as in FIG.3, and 
the detailed explanation is omitted. 
[0065] Communication terminal apparatus 300 in 
FIG. 6 is different from the communication terminal ap- 
paratus in FIG.3 in a point that the apparatus 300 is pro- 
vided with threshold setting section 301 to change the 
SIR upper limit and SIR lower limit according to a 



change of the required SIR value. 
[0066] In FIG. 6, when the required SIR value is 
changed, threshold setting section 301 outputs an in- 
struction for changing the SIR upper limit and the SIR 

5 lower limit by the same increase or decrease amount as 
in changing the required SIR value. According to the in- 
struction output from threshold setting section 301 , 
threshold determining section 1 05 changes the SIR up- 
per limit and the SIR lower limit to compare with SIR of 

10 a received signal. 

[0067] Further, during a period or a plurality of periods 
of measuring SIR immediately after changing the re- 
quired SIR value, the threshold determining section 301 
instructs to decrease the transmit power when the 

*5 measured SIR value is more than or equal to the re- 
quired SIR value, while instructing to increase the trans- 
mit power when the measured S IR value is less than the 
required SIR value. 

[0068] Thus, communication terminal apparatus 300 
20 of this embodiment changes the SIR upper limit and the 
SIR lower limit by the same increase or decrease 
amount as in changing the required SIR value, whereby 
the apparatus 300 is capable of reducing a variation 
more than an increase or decrease amount in the trans- 
25 mit power in the vicinity of the required level of the trans- 
mit power even when the required SIRvalue is changed. 

(Second embodiment) 

30 [0069] FIG. 7 is a block diagram illustrating an exam- 
ple of configurations of a communication terminal appa- 
ratus and a base station apparatus according to the sec- 
ond embodiment of the present invention. 
[0070] In FIG. 7, communication terminal apparatus 
35 400 is mainly comprised of antenna 401 . receiving sec- 
tion 402, SIR measuring section 403 ; threshold setting 
section 404, threshold determining section 405, control 
bit generating section 406, storage section 407, multi- 
plexing section 408 ; control bit demodulation section 
40 409, transmit power update section 410, transmitting 
section 411 and antenna 412. 

[0071] Further, base station apparatus 450 is mainly 
comprised of antenna 451 . receiving section 452, SIR 
measuring section 453, threshold setting section 454, 
45 threshold determining section 455, control bit generat- 
ing section 456, storage section 457, multiplexing sec- 
tion 458, control bit demodulation section 459, transmit 
power update section 460, transmitting section 461 , and 
antenna 462. 

50 [0072] Antenna 401 receives a radio signal transmit- 
ted from base station apparatus 450 to output to receiv- 
ing section 402. Receiving section 402 converts the re- 
ceived radio signal into a signal with a baseband fre- 
quency to demodulate, and outputs the demodulated 
55 signal to SIR measuring section 403 and control bit de- 
modulation section 409. 

[0073] SIR measuring section 403 measures SIR of 
the demodulated signal to output to threshold determin- 
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ing section 405. Threshold setting section 404 calcu- 
lates an SIR upper limit obtained by adding a predeter- 
mined amount to the required SIR value and an SIR low- 
er limit obtained by subtracting a predetermined value 
from the required SIR value to output to threshold de- 
termining section 405. 

[0074] When the SIR of the received signal is larger 
than the SIR upper limit, threshold determining section 

405 outputs an instruction for decreasing the transmit 
power to control bit generating section 406. Further, 
when the SIR is smaller than the SIR lower limit, thresh- 
old determining section 405 outputs an instruction for 
increasing the transmit power to control bit generating 
section 406. 

[0075] Furthermore, when the SIR of the received sig- 
nal is equal to or smaller than the SIR upper limit and 
equal to or larger than the SIR lower limit, threshold de- 
termining section 405 outputs the determined result to 
control bit generating section 406. According to the de- 
termined result in threshold determining section 405, 
control bit generating section 406 generates a TPC bit 
for instructing the transmit power control for a commu- 
nication partner to output to multiplexing section 408. 
[0076] When the SIR of the received signal is equal 
to or smaller than the SIR upper limit and equal to or 
larger than the SIR lower limit, control bit generating 
section 406 refers to a last instruction on the transmit 
power control stored in storage section 407, and outputs 
an instruction opposite to the last instruction with re- 
spect to an increase or decrease in the transmit power 
to storage section 407 and mu Itiplexing section 408. The 
specific operation of control bit generating section 406 
is the same as in control bit generating section 106 of 
the first embodiment. 

[0077] Further when the SI R of the received signal is 
larger than the SIR upper limit, control bit generating 
section 406 generates a TPC bit indicative of an instruc- 
tion for decreasing the transmit power to output to stor- 
age section 407 and multiplexing section 408. Mean- 
while, when the SIR of the received signal is smaller 
than the SIR lower limit, control bit generating section 

406 generates a TPC bit indicative of an instruction for 
increasing the transmit power to output to storage sec- 
tion 407 and multiplexing section 408. 

[0078] Storage section 407 stores the instructions on 
the transmit power control generated in control bit gen- 
erating section 406. Multiplexing section 408 multiplex- 
es transmission data and the TPC bit to output to trans- 
mitting section 411 . 

[0079] Control bit demodulation section 409 extracts 
a transmit power control bit from the received signal to 
output to transmit power update section 410. Transmit 
power update section 41 0 changes the transmit power 
according to the information contained in the transmit 
power control bit. Transmitting section 411 modulates 
the multiplexed transmission data and TPC bit, converts 
the resultant signal to a radio signal, and transmits the 
radio signal through antenna 412. 



[0080] Antenna 451 receives the radio signal trans- 
mitted from communication terminal apparatus 400 to 
output to receiving section 452. Receiving section 452 
converts the received radio signal into a signal with a 

5 baseband frequency to demodulate, and outputs the de- 
modulated signal to SIR measuring section 453 and 
control bit demodulation section 459. 
[0081] SIR measuring section 453 measures SIR of 
the demodulated signal to output to threshold determin- 

10 ing section 455. Threshold setting section 454 calcu- 
lates an SIR upper limit obtained by adding a predeter- 
mined amountto the required SIR value and an SIR low- 
er limit obtained by subtracting a predetermined value 
from the required SIR value to output to threshold de- 

*5 termining section 455. 

[0082] When the SIR of the received signal is larger 
than the SIR lower limit, threshold determining section 
455 outputs an instruction for decreasing the transmit 
power to control bit generating section 456. Further, 

20 when the SIR is smallerthan the SIR upper limit, thresh- 
old determining section 455 outputs an instruction for 
increasing the transmit power to control bit generating 
section 456. 

[0083] Furthermore, when the SI R of the received sig- 

25 nal is equal to or smaller than the SIR upper limit and 
equal to or larger than the SIR lower limit, threshold de- 
termining section 455 outputs the determined result to 
control bit generating section 456. According to the de- 
termined result in threshold determining section 455, 

30 control bit generating section 456 generates a TPC bit 
for instructing the transmit power control for a commu- 
nication partner to output to multiplexing section 458. 
[0084] When the SIR of the received signal is equal 
to or smaller than the SIR upper limit and equal to or 

35 larger than the SIR lower limit, control bit generating 
section 456 refers to a last instruction on the transmit 
power control stored in storage section 457, and outputs 
an instruction opposite to the last instruction with re- 
spect to an increase or decrease in the transmit power 

40 to storage section 457 and multiplexing section 458. The 
specific operation of control bit generating section 456 
is the same as in control bit generating section 106 of 
the first embodiment. 

[0085] Further, when the SIR is larger than the SIR 
45 upper limit, control bit generating section 456 generates 
a TPC bit indicative of an instruction for decreasing the 
transmit powerto output to storage section 457 and mul- 
tiplexing section 458. Meanwhile, when the SIR is small- 
erthan the SIR lower limit, control bit generating section 
50 456 generates a TPC bit indicative of an instruction for 
increasing the transmit power to output to storage sec- 
tion 457 and multiplexing section 458. 
[0086] Storage section 457 stores the instructions on 
the transmit power control generated in control bit gen- 
55 erating section 456. Multiplexing section 458 multiplex- 
es transmission data and the TPC bit to output to trans- 
mitting section 461 . 

[0087] Control bit demodulation section 459 extracts 
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a transmit power control bit from the received signal to 
output to transmit power update section 460. Transmit 
power update section 460 changes the transmit power 
according to the information contained in the transmit 
power control bit. Transmitting section 461 modulates 
the multiplexed transmission data and TPC bit, converts 
the resultant signal to a radio signal, and transmits the 
radio signal through antenna 462. 
[0088] Thus, communication terminal apparatus 400 
measures the SIR of a signal transmitted from base sta- 
tion apparatus 450 to judge the transmit power control, 
and transmits an instruction on the transmit power con- 
trol to base station apparatus 450. Then, according to 
the instruction on the transmit power control transmitted 
from communication terminal apparatus 400, base sta- 
tion apparatus 450 changes the transmit power. 
[0089] Further base station apparatus 450 measures 
the SIR of a signal transmitted from communication ter- 
minal apparatus 400 to judge the transmit power control, 
and transmits an instruction on the transmit power con- 
trol to communication terminal apparatus 400. Then, ac- 
cording to the instruction on the transmit power control 
transmitted from base station apparatus 450, communi- 
cation terminal apparatus 400 changes the transmit 
power. 

[0090] Thus, according to communication terminal 
apparatus 400 and base station apparatus 450 of the 
second embodiment of the present invention, in the 
closed-loop transmit power control, it is possible to re- 
duce the variation more than an increase or decrease 
amount in the transmit power in the vicinity of the re- 
quired level of the transmit power, by setting a required 
rangefrom the required level of the received quality, and 
when the received quality is in the required range, in- 
structing a change opposite to a previously instructed 
change with respect to the increase or decrease in the 
transmit power control. 

[0091] In an apparatus of the communication partner, 
the above processing is performed in the same way, 
whereby the transmit power control information to be 
transmitted and a transmit power level of a signal to be 
transmitted are determined. 

[0092] In addition, while this embodiment describes 
about a communication terminal apparatus and/or base 
station apparatus, the present invention is not limited to 
those, and any communication apparatuses are appli- 
cable that control transmit power of a communication 
partner from a received quality of a signal transmitted 
from the communication partner. 
[0093] Further, while the embodiments of the present 
invention explain a case that the SIR of a received signal 
is compared with the required SIR, the present invention 
is not limited to the above case, and any values are ap- 
plicable that are indicative of a received quality. 
[0094] The transmit power control apparatus in the 
CDMA radio communication as described above is ca- 
pable of reducing a variation in the measured SIR value 
in the vicinity of the required SIR value due to a delay 



in control time. As a result, the apparatus is capable of 
properly controlling the transmit power level to an extent 
enabling a predetermined received quality to be main- 
tained andfurtherof decreasingthe interference in other 
5 users. 

[0095] As this invention may be embodied in several 
forms without departing from the spirit of essential char- 
acteristics thereof, the present embodiment is therefore 
illustrative and not restrictive, since the scope of the in- 
fo vention is defined by the appended claims rather than 
by the description preceding them, and all changes that 
fall within meets and bounds of the claims, or equiva- 
lence of such meets and bounds are therefore intended 
to embraced by the claims. 
15 [0096] The present invention is not limited to the 
above described embodiments, and various variations 
and modifications may be possible without departing 
from the scope of the present invention. 
[0097] This application is based on the Japanese Pat- 
20 ent Application No. 2000-0571 95 filed on March 2, 2000, 
entire content of which is expressly incorporated by ref- 
erence herein. 



1 . A radio communication apparatus comprising: 

measuring means (103) for measuring a re- 
30 ceived quality of a signal transmitted from a 

communication partner; 
instructing means (1 05,1 06) for performing an 
instruction for changing transmit power to said 
communication partner from a result obtained 
35 by comparing the received quality of the signal 

with a required received quality; 
storage means (1 07) for storing the instruction 
for changing transmit power; and 
transmitting means (1 09) for transmitting the in- 
40 struction for changing transmit power to said 

communication partner, 

wherein said instructing means provides a value of 
the required received quality with a range allowing 
45 a change in the transmit power caused by a propa- 
gation delay of a transmit power control signal to 
perform the instruction for changing the transmit 
power. 

50 2. The radio communication apparatus according to 
claim 1, wherein said instructing means (105,106) 
performs the instruction for decreasing the transmit 
power to said communication partner when the re- 
ceived quality of the signal is higher than an upper 

55 limit of a predetermined range, further performs the 
instruction for increasing the transmit power to said 
communication partner when the received quality 
of the signal is lower than a lower limit of the prede- 
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termined range, and refers to a previous instruction 
for changing the transmit power stored in said stor- 
age means (107) to perform the instruction for 
changing the transmit power so as to maintain the 
received quality of the signal in the predetermined 
range when the received quality of the signal is in 
the predetermined range. 

3. The radio communication apparatus according to 
claim 2, wherein said instructing means (105,106) 
refers to the previous instruction for changing the 
transmit power stored in said storage means (1 07) 
when the received quality of the signal is in the pre- 
determined range, and when a last instruction for 
changing transmit power is indicative of increasing 
the transmit power, generates the instruction for de- 
creasing the transmit power, while when the last in- 
struction for changing transmit power is indicative 
of decreasing the transmit power, generating the in- 
struction for increasing the transmit power. 

4. The radio communication apparatus according to 
claim 3, further comprising: 

setting means (104) for setting the predeter- 
mined range with a predetermined variation range 
from the required received quality. 

5. The radio communication apparatus according to 
claim 1, wherein said instructing means (105,106) 
changes the range into an arbitrary range at an ar- 
bitrary timing. 

6. The radio communication apparatus according to 
claim 1 , wherein when the required received quality 
is changed, said instructing means (105,106) per- 
forms the instruction for decreasing the transmit 
power when the received quality of the signal is 
higherthan the required received quality, while per- 
forming the instruction for increasing the transmit 
power when the received quality of the signal is low- 
er than the required received quality, not depending 
on whether the received quality of the signal is in 
the range during one or a plurality of measuring pe- 
riods immediately after changing the received qual- 
ity. 

7. A mobile station apparatus having a radio commu- 
nication apparatus, said radio communication ap- 
paratus comprising: 

measuring means (103) for measuring a re- 
ceived quality of a signal transmitted from a 
communication partner; 
instructing means (105,106) for generating an 
instruction for changing transmit power to said 
communication partner from a result obtained 
by comparing the received quality of the signal 
with a required received quality; 



storage means (1 07) for storing the instruction 
for changing transmit power; and 
transmitting means (1 09) for transmitting the in- 
struction for changing transmit power to said 
5 communication partner, 

wherein said instructing means performs the in- 
struction for decreasing the transmit power to said 
communication partner when the received quality 
10 of the signal is higher than an upper limit of a pre- 
determined range, further performs the instruction 
for increasing the transmit power to said communi- 
cation partner when the received quality of the sig- 
nal is lower than a lower limit of the predetermined 
f5 range, and refers to a previous instruction for 
changing the transmit power stored in said storage 
means to perform the instruction for changing the 
transmit power so as to maintain the received qual- 
ity of the signal in the predetermined range when 
20 the received quality of the signal is in the predeter- 
mined range. 

8. A base station apparatus having a radio communi- 
cation apparatus, said radio communication appa- 
ls ratus comprising: 



measuring means (103) for measuring a re- 
ceived quality of a signal transmitted from a 
communication partner; 

30 instructing means (1 05,1 06) for generating an 

instruction for changing transmit power to said 
communication partner from a result obtained 
by comparing the received quality of the signal 
with a required received quality; 

35 storage means (1 07) for storing the instruction 

for changing transmit power; and 
transmitting means (1 09) for transmitting the in- 
struction for changing transmit power to said 
communication partner, 

40 

wherein said instructing means performs the in- 
struction for decreasing the transmit power to said 
communication partner when the received quality 
of the signal is higher than an upper limit of a pre- 

45 determined range, further performs the instruction 
for increasing the transmit power to said communi- 
cation partner when the received quality of the sig- 
nal is lower than a lower limit of the predetermined 
range, and refers to a previous instruction for 

50 changing the transmit power stored in said storage 
means to perform the instruction for changing the 
transmit power so as to maintain the received qual- 
ity of the signal in the predetermined range when 
the received quality of the signal is in the predeter- 

55 mined range. 

9. A transmit power control method, comprising: 



20 



9 
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measuring a received quality of a signal trans- 
mitted from a communication partner; 
comparing the received quality of the signal 
with a required received quality, and based on 
the compared result, performing an instruction 5 
for changing transmit power to said communi- 
cation partner 

storing the instruction for changing transmit 
power; and 

transmitting the instruction for decreasing the 10 
transmit power to said communication partner 
when the received quality of the signal is higher 
than an upper limit of a predetermined range, 
further transmitting the instruction for increas- 
ing the transmit power to said communication 15 
partner when the received quality of the signal 
is lower than a lower limit of the predetermined 
range, and referring to a stored previous in- 
struction for changing the transmit power to 
transmit the instruction for changing the trans- 20 
mit power such that the received quality of the 
signal is maintained in the predetermined range 
to said communication partner when the re- 
ceived quality of the signal is in the predeter- 
mined range. 25 
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(54) CnOCOE nPMEMA 1/1 flOMCKA CMrHAJlA, flEPEflABAEMOfO flAKETAMM 



(57) 

HHTerparibHbiM noi/icKOBbm npoi^eccop, 
Mcnorib3yeMbiM b MOfleivie aha CMCTeMbi cbhsi/i c 
pacLunpeHHbiM cneKTpoM, 6yqbepn3npyeT b 
oycjDepe BbiGopKH npuHUMaeMbix cumanoB n 
Mcnorib3yeT npoijeccop npeoGpa30BaHHfl c 
KBaHTOBaHneM BpeMeHM, pa6oTaioLAHM c 
nocneAOBaTenbHbiMn CABuraMi/i no OTHOLueHMio 
k oycpepy. noMCKOBbiM npou^eccop 
ocyu4ecTBn?ieT noiuaroBbii?i aBTOHOMHbiCi noncK, 
KOHcjDnrypupyeMbiM Mi/iKponpoi^eccopoM, b 
kotopom onpeAeneH Ha6op napaMeTpoB noncKa, 
KOTopbiti MoxeT BKfiHDHaTb rpynny aHTeHH atia 
noncKa, HaHanbHbiPi cabut m LunpuHy noncKOBoro 
OKHa An?! npoBeAeHna noncKa w KonnnecTBO 
cumbojiob yoriLua Rnn HaKoruieHM^ pe3ynbTaTOB 
Ha Ka>KAOM cflBure. noncKOBbiM npoi^eccop 
BbNi/icn^isT SHeprnjo KoppermLjuM Ha Ka>KAOM 
cab m re v\ npeACTaBrmeT MToroBbiPi cnncoK 



HannyMLiinx Tpacc pacnpocTpaHeHna curHanoB, 
o6Hapy>KeHHbix b npoi^ecce noncKa, Ana 
Mcnorib30BaHMfl v\x npn pacLunpeHnn GneivieHTOB 
AeMOAy.nfli4HM, hto ABrmeTcs tbxhuhsckmm 
pe3ynbTaTOM. IIomck BbinojiHfleTca JiHHefiHbiM 
o6pa30M He3aBncnMO ot Bepo^THOCTH Toro, HTO 
MCKOMbiM curHan nepeAaBanca b n\o&ov\ AaHHbiM 
MoivieHT BpeivieHM. 2 c.n. c|D-nbi, 15 nn. 
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(54) METHOD FOR RECEPTION AND SEARCH OF PACKET- SWITCHED SIGNAL 



(57) Abstract: 

FIELD: communication equipment. 
SUBSTANCE: integral search processor, which 
is used in modem of extended spectrum 
communication system, provides buffering of 
samples of received signals in buffer and 
uses conversion processor, which uses time 
sampling and operates in sequential steps 
with respect to buffer. Search processor 
achieves step-by-step autonomous search, 
which is configured by microprocessor, which 
defines set of search parameters, including 
group of antennas for search, initial shift 
and search window width, as well as number 
of Walsh characters for accumulation of 
results for each shift. Search processor 
calculates correlation power for each shift 
and produces final list of best possible 



signal spreading tracks, which are detected 
upon search, in order to use them for 
extension of demodulation elements. Search 
is linear and independent from probability 
of the fact that target signal was sent in 
any arbitrary time moment. EFFECT: increased 
functional capabilities. 2 cl, 15 dwg 
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OonacTb tbxhuku 

HacToamee M3o6peTeHMe othocmtca k 
cucTeiwaM cbasm c paciunpeHHbiM cneKTpoM, 
6onee KOHKpeTHO k o6pao~OTKe curHana b 
cotobom Tenecj^oHHOM cucTeivie cb^3h. 
OnucaHne M3BecTHoro ypoBHfl TexHMKM 
B paflnoTenecpoHHbix cucTeiwiax cbh3m, TaKnx 

K3K COTOBbie TeJieCpOHHbie CMCTGMbl , CMCTeMbl 

nepcoHanbHOM cbh3m, m noKanbHbie 3aMKHyTbie 
cucTeMbi paflnocBfl3H, MHorne norib30BaTenn 
ocyLMecTBJifltoT CBfl3b no paflMOKaHany Ana 
noflcoeflUHeHMJR k npoBOflHbiM Ten ecjuo h h bi m 
cudeiviaM. CBfl3b no paAwo KaHany MO>KeT 6"biTb 

OflHMM M3 MHO>KeCTBa MeTOflOB MHO>KeCTBeHHOrO 

flOdyna, oGecneHMBaioLUMX B03MOXHOCTb 
6onbLUOMy Hucny a6oHeHTOB ncnorib30BaTb 
orpaHMHeHHbiPi nacTOTHbiM cneKTp. 3tm MeTOflbi 
MHO>KecTBeHHoro AOCTyna BKmonaioT 

MHOKeCTBeHHblM flocTyn c BpeMeHHbIM 
pa3,qeneHiieM /MflBP/ KaHanoB, MHO>KecTBeHHbiM 
flocTyn c nacTOTHbiM pa3fleneHneM /MflMP/ n 

MHOKBCTBeHHblM AOCTyn C KOAOBbIM 

pa3AeneHneM /MflKP/. MeTOA MflKP MMeeT 
MHOKecTBO npenMyu4ecTB J npMHeM TunoBaa 
CMCTeiwa c MflKP pacKpbiTa b naTeHTe CLUA N 
4901307, ot 13 cjseBparm 1990 Ha "CucTeMy 
CBA3H MHO>KecTBeHHoro flocTyna c 
pacLunpeHHbiM cneKTpoivi, ncnonb3yfOLnyto 
cnyTHMKOBbie hum Ha3eMHbie peTpaHcnsTopbi", 
nepeycTynneHHOM npaBonpeeMHMKy 
HacToaLLjero n3o6peTeHM^. 

B ynoM^HyTOM naTeHTe pacKpbiT cnocoo" 
MHOKecTBeHHoro AOCTyna, b kotopom 6onbiuoe 
KoriHHecTBO MoSMJibHbix nonb30BaTeneM 

TenecjDOHHOM CMCTeMbl, Ka>KAblM M3 KOTOpblX 

MMeeT npMeMonepeflaTHMK, ocymecTBnfliOT 
CBA3b nepe3 cnyTHMKOBbie peTpaHcnnTopbi mjim 
Ha3eMHbie 6a30Bbie CTaHi4MM c McnonbsoBaHMeM 
CMmaiioB CBA3M b pe>KMMe MflKP c 
pacujMpeHHbiM cneKTpoM. l~lpM ocyii^ecTBrieHMM 
CBA3M b pe>KMMe MflKP nacTOTHbiM cneKTp 

MO>KeT MCnOJ1b30BaTbCfl MHOrOKpaTHO, HTO 

no3Bon?ieT yBeriMHMTb nponycKHyto cnocoo~HOCTb 
CMCTeMbi ati^ nonb30BaTeneM. 

Cnoco6"bi MOflynfli_|MM MflKP, pacKpbiTbie b 
naTeHTe CLUA N 4901307, MMeiOT MHO>KecTBO 
npeMMymecTB no cpaBHeHMK) co cnocoGaMM 
y3KonoriocHOM MOAyJifli^MM, npMMeHaeMbiMM B 
CMCTeiviax cba3m, Mcnorib3yK)LHMX cnyTHMKOBbie m 
Ha3eMHbie KaHaribi. B Ha3eMHbix KaHanax 
B03HMKaHDT cnei4MdpMHecKMe TpeSOBaHMfl K 
CMCTeMe CBA3M, B HaCTHOCTM, no OTHOLUeHMK) K 

MHoronyneBbiM CMmanaM. nprnvieHeHMe 
cnocoGoB MflKP nosBonaeT peiUMTb 
cnei^McjDMHecKMe npooneMbi, CBH3aHHbie c 
Mcnonb30BaHMeM Ha3eMHoro KaHaria, nyTeM 
npeoAoneHMfl OTpMi^aTeribHoro bjimahmfi 
MHoronyneBoro pacnpocTpaHeHMfl, HanpMMep, 
3aMMpaHMfi, He Tepss b to xe BpeMfl MX 
npeMMymecTB. 

Cnocoo" MflKP, pacKpbiTbiM b naTeHTe CLUA 
N 4901307, npeAycMaTpMBaeT Mcnorib30BaHMe 
KorepeHTHOM MOAynaijMM m AeMOAynfli^MM aha 
ooomx HanpaBneHMM jimhmm cba3m npM 
ocyuj.ecTBneHMM cbfi3m Me>KAy yflaneHHbiM 

yCTpOMCTBOM p3AMOCBFI3M M CnyTHMKOM. B HeM 
COOTBeTCTBeHHO pacKpbiBaeTca MCnOJlb30BaHMe 

Hecym,ero nMnoT-CMrHana b KanecTBe 
KorepeHTHoro apa30Boro onopHoro CMrHana Arm 

JIMHMM CBA3M "cn y T H M K-y A&n e H H O e yCTpOMCTBO 
paAMOCB^3M" M JIMHMM CBA3M "6a30Bafl 

CTaHLJ,Mfi-yAajieHHoe ycTpoMCTBO paAMOCBfi3M". 
OAHaKO B Ha3eMHOM oGopyflOBaHMM COTOBOM 
CB33M HaJIMHMe BeCbMa CMJIbHOrO 

MHorojiyHeBoro 3aTyxaHMfl, npMBOflnm.ero k 
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MCKaxeHMfo ctpa3bi KaHanoM, a TaioKe ypoBeHb 
MOLU,HOCTM, Heo6xoAMMbiM ATis nepeAaHM 
Hecym,ero nMnoT-CMrHana ot yAaneHHoro 

yCTpOMCTBa paAMOCB^3M, 33TpyAHJReT 

Mcnorib30BaHMe cnocoGa KorepeHTHOM 
MOAynflu.MM Ana jimhmm cba3m "yAaneHHoe 

yCTpOMCTBO paAMOCBfl3M-Ga30Baa CTaHU,Mfl". B 

naTeHTe CLUA N 5103549 Ha "CMCTeiviy m 
cnoco6 opopMMpoBaHMfl CMmanoB b cotobom 
TenecJpoHHOM CMCTeMe MflKP" ot 25 mhdhh 1990 
roAa, nepeycTynneHHOM npaBonpeeMHMKy 
HacTo^uj,ero M3o6peTeHM5i, npeAnaraeTC^ 
cpeACTBO ati^ npeoAoneHM^ OTpMU,aTenbHoro 
BnMflHMfi MHoronyneBoro pacnpocTpaHeHM?! b 
KaHane cbjr3M "yAaneHHoe ycTpoMCTBO 

paAM0CBfl3M-6a30Ba?1 CTaHLJ,M^" c 

Mcnorib30BaHMeM cnoco6oB HeKorepeHTHOM 
MOAynfli^MM m AeMOAynflu,MM. 

B cotobom TenecJpoHHOM CMCTeMe c MflKP 
OAHa m Ta >Ke nonoca nacTOT MoxeT 6biTb 
Mcnonb30BaHa ati^ cb^3m co BceMM 6a30BbiMM 

CTaHU,M5^MM. B npMeMHMKe 6a30B0M CTaHU,MM 

pa3AenaeMbie CMTHaribi MHoronyneBoro 
pacnpocTpaHeHMfl, HanpMMep, npocTynaK3LU,Me 
no Tpacce ot a6o h e h tcko ro nyHKTa m no ApyroM 
Tpacce nocne OTpa>KeHMfl ot 3aqhma , MoryT 6biTb 
o6"beAMHeHbi npM o6pa6oTKe c pa3HeceHMeM 
Anfl ynyniueHMa xapaKTepMCTMK MOAeMa. 
CBOMCTBa CMmanoB MflKP, oeecneHMBatou^Me 
BbiMrpbiuj npM o6paooTKe, TaioKe Mcnonb3yfOTca 
flns pa3nnHeHM?i cumanoB, 3aHMMafou4nx oahh m 
tot >Ke nacTOTHbiM AH£ina30H. KpoMe Toro 
BbicoKOCKopocTHaa nceBAOLJjyMOBajR MOAynau,M^ 
BcerAa o6ecneHMBaeT B03MO>KHOCTb 

pa3AeneHMa pa3fiMHHbix Tpacc 

pacnpocTpaHeHMfl OAHoro m Toro >Ke CMmana, 
npM ycnoBMM, ecnM pa3HMLj,a b 3aAep>KKax no 
TpaccaM pacnpocTpaHeHMH npeBbiLuaeT 
AnMTenbHOCTb oneMeHTa nceBAOujyMOBoro 
KOAa. EcnM b CMCTeMe c MflKP Mcnonb3yeTC?i 
nacTOTa cneAOBaHM^ aneMeHTOB 
nceBAOujyMOBoro KOAa nopHAKa 1 MTu,, to 
BbiMrpbiuj npM o6pa6oTKe CMmana 
pacujMpeHHoro cneKTpa, paBHbiM OTHOiueHMio 
pacujMpeHHOM nonocbi k HacTOTe A^HHbix b 
CMCTeMe, MO>KeT 6biTb nony-ieH atia Bcex Tpacc 
pacnpocTpaHeHMn, MMefom,MX 3aAep>KKM, 
OTnMHafOLU,Mec?i 6onee neM Ha OAHy 
MMKpoceKyHAy. Pa3HMU,a b saAep>KKax Ha Tpacce 
pacnpocTpaHeHMn b OAHy MMKpoceKyHAy 

COOTBeTCTByeT pa3HMU,e B paCCTOflHM^X 

npMMepHO 300 MeTpoB. 06bNHO ropoACKafi 
cpeAa o^ecneHMBaeT pa3HOCTb 3aAep>KeK no 
TpaccaM pacnpocTpaHeHM?i cumajioB, 
npeBbiLuaioLnyio OAHy MMKpoceKyHAy. 

CBOMCTBa Ha3eMHoro KaHana, CBfi3aHHbie c 
MHoronyneBbiM pacnpocTpaHeHMeM, npMBOA^T k 
TOMy, hto b npMeMHMK CMTHanbi npMXOA^T no 
HecKonbKMM pa3nMHHbiM TpaccaM 

pacnpocTpaHeHMfi. Oahom M3 xapaKTepMCTMK 
KaHana c MHoronyneBbiM pacnpocTpaHeHMeM 
flBnaeTCfl pa36poc no BpeMeHM, B03HMKafom,MM b 
CMTHane, nepeAaBaeMOM nepe3 TaKOM KaHan. 
HanpMMep, ecnM no KaHany c MHoronyneBbiM 
pacnpocTpaHeHMeM nepeAaeTca MAeanbHbiM 
MMnynbc, to npMHMMaeMbiM CMman noaBnaeTca 
b BMAe nocneAQBaTenbHOCTM MMnynbcoB. 
flpyroM xapaKTepHOM oco6eHHOCTbio KaHana c 
MHoronyneBbiM pacnpocTpaHeHMeM flBnaeTca 
to, hto Ka>KAa?i Tpacca pacnpocTpaHeHMJR 
CMmana MoxeT AasaTb pasHbiM KoacipcjDMUMeHT 
3aTyxaHM^. HanpMMep, ecnM no KaHany c 
MHoronyneBbiM pacnpocTpaHeHMeM nepeAaeTca 
MAeanbHbiM MMnynbc, to Ka>KAbiM MMnynbc 
npMHMMaeMOM MMnynbCHOM 
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nocneAOBaTenbHOCTM oSbNHO MMeeT ypoBeHb, 
OTnuHHbi^ ot ypoBHfl APyrMx npuHMMaeMbix 
MMnynbcoB. Eiije oahom xapaKTepHOM 
ocoGeHHOCTbkD KaHana c MHoronyqeBbiM 
pacnpocTpaHeHneM ABnaeTCfl to, hto Ka>KAafl 
Tpacca pacnpocTpaHeHna pjaer pa3Hyjo c£a3y 
CMmana. Hanpniviep, ecnw no KaHany c 
MHoronyneBbiM pacnpocTpaHeHneM nepeAaeTca 
MflearibHbiM MMnynbc, to Ka>KflbiM MMnynbc 
npuHMMaeMOM nocneAOBaTenbHOCTM o6biHHO 
MMeeT cjDa3y, otji HHatomy kdca ot qbasbi flpyrux 
npuHMMaeMbix MMnynbcoB. 

npn nepeflane no paAWOKaHany 
MHoronyneBoe pacnpocTpaHeHMe B03HMKaeT 
onaroAapa OTpa>KeHnro cm man a ot 
npenflTCTBMM, o6pa3yeMbix 3AaHMflMM, 
AepeBbaivin, aBTOMo6Mn*MM \a ruoRbMW. B 
oo^eM cnynae paAMOKaHan npeAoraBnseT 
cooom HecTai^noHapHbiM KaHan c MHoronyneBbiM 
pacnpocTpaHeHneM M3-3a OTHOCMTeribHoro 
nepeMeLAeHH?i o&beKTOB, cosAafoiAHX 
MHoronyneBoe pacnpocTpaHeHne. HanpuMep, 
ecjin no HecTaunoHapHOMy KaHany c 
MHoronyqeBbiM pacnpocTpaHeHneM nepeAaeTca 
MAearibHbiM nivinyribc, to b npuHMMaeMO^ 
nocneAOBaTenbHOCTM MMnynbcoB oyAST 
M3MeHFiTbCfl ero nonoxeHne bo BpeMeHM, 
3aTyxaHne v\ qba3a b cjDyHKL^nn BpeMeHM 
nepeflann MfleanbHoro MMnynbca. 

MHoronyneBoe pacnpocTpaHeHne MO>KeT 
Bbi3BaTb 3aMnpaHi/ie cumana b KaHane. 
3aMnpaHne EBnaeTCfl pesynbTaTOM 
xapaKTepMCTMK cjDa3npoBaHM^ KaHana c 
MHoronyMeBbiM pacnpocTpaHeHneM. 3aivinpaHMe 
noflBnaeTCfl, KorAa BeKTopbi MHOxecTBa nynefi 
cy m m n py fOTCfl He6naronpM?n~HbiM o6pa30M, 
o6pa3yn b pe3ynbTaTe npuHMMaeMbix CMman, 

MeHbLUMM, HeM ntoSOM OTAenbHO B3flTblM BeKTOp. 

HanpuMep, ecnn no KaHany c MHoronyneBbiM 
pacnpocTpaHeHneM nepeAaeTcsq rapMOHMHecKMM 
cuman, xapaKTepn3yeMbiM AByMfl TpaccaMU 
pacnpocTpaHeHMfl, npuneM nepBaa Tpacca 
MMeeT K03c(Dc(DMi4MeHT ocnaoneHM* X p,B, BpeMfl 
3aAep>KKM <j c aj)a30BbiM cabmtom e paAnaH, a 
BTopaa Tpacca MMeeT KoaqbcjDML^eHT 
ocnaoneHMfl X aB, BpeMH 3aAep>KKM e+jr c 
cf)a30BbiM cabmtom a paAHaH, to Ha BblXOAe 
KaHana npnH?rrbM cnman 6yfleT OTcy tct bob aT b . 

B cucTeMax y3KononocHOM MOAynai^MM 3 
TaKMX KaK aHanoroBaa nacTOTHafl MOAynflLjMfl, 
Mcnonb3yeMaa b M3BecTHbix paAMOTeneqboHHbix 
CMCTeMax, HanMHue MHoronyneBoro 

pacnpocTpaHeHMe b paAMOKaHane npuBOAMT k 
cyLAecTBeHHOMy MHoronyneBOMy 3aMMpaHMKD. 
OAHaKO, KaK 6bino OTMeneHO Bbime b cnynae 
LunpoKononocHOM CMCTeMbi MflKP, b npoi^ecce 
AeMOAynai4MM MoryT 6biTb BbiAeneHbi pa3Hbie 
Tpaccbi pacnpocTpaHeHMfl. TaKoe pa3AeneHMe 
He TonbKO 3HaHMTenbHO yMeHbiuaeT 
OTpMi4aTenbHoe B03Ae m ct b m e 3aMMpaHHH, ho m 
AaeT npeMMyLAecTBa, CBfl3aHHbie c 
Mcnonb30BaHMeM CMCTeMbi MflKP. 

Pa3HeceHMe - oamh M3 cnoco6oB 
yMeHbLueHUfi OTpMLjaTenbHbix BnnfiHMM 
3aMMpaHMfl. CneAOBaTenbHO, >KenaTenbHO 
o6ecnennTb HeKOTopyfo qbopMy pa3HeceHws, hto 
no3BonnT yMeHbiunTb 3aMMpaHMe b cncTeMe. 
Cyu^ecTByjoT TpM ocHOBHbix BMAa pa3HeceHMa: 
BpeMeHHoe pa3HeceHne, nacTOTHoe pa3HeceHne 
m npocTpaHCTBeHHoe pa3HeceHMe Mnn 
pa3HeceHne no Tpacce pacnpocTpaHeHwsq. 

BpeMeHHoe pa3HeceHMe o6ecne i -iMBaeTcn c 
Mcnonb30BaHMeM noBTopeHMfi BpeMeHHoro 
nepeMe>KeHM?i m KOAnpoBaHUfi c oGHapyxeHneM 
m McnpaBneHMeM olum6ok, KOTopoe bboamt 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



M36biTOHHOCTb. B CMCTeMe, Mcnonb3ytoLAeM 
HacToaiAee M3o6peTeHne, mo>kho npuMeHATb 
nhD6oM M3 3tmx cnoco6oB b KanecTBe a>opMbi 
BpeMeHHoro pa3HeceHM^. 

MflKP c npMcymeM A^HHOMy MeTOAy 
LUMpoKononocHOCTbK) oGecneHMBaeT HeKOTopyKD 
cfopMy nacTOTHoro pa3HeceHM?i nyTeM 
pacnpeAeneHMa 3HeprMM CMmana b lumpokom 
nonoce pa6oHMX nacTOT. rioaTOMy 
HacTOTHO-M36npaTenbHoe 3aMwpaHne 
npoflBnaeTCfl TonbKO Ha HeoonbiuoM nacTM 
nonocbi paGoHMX nacTOT cumana MflKP. 

npocTpaHCTBeHHoe pa3HeceHMe m 
pa3HeceHMe no Tpacce pacnpocTpaHeHMe 
o6~ecne^MBaeTCfl nocpeACTBOM noAaHM CMTHana 
c MHoronyneBbiM pacnpocTpaHeHneM 

OAHOBpeMeHHO no HeCKOnbKMM JIMHMAM CB5R3M ot 

yAaneHHoro ycTpoMCTBa paAnocB^3M nepe3 ABe 
unM 6onee 6a30Bbie CTaHi^MM m nyTeM 
ncnonb30BaHMfl AByx MnM 6onee 
npocTpaHCTBeHHO pa3HeceHHbix aHTeHHbix 
aneMeHTOB Ha oahom 6a30BOM CTaHi^MM. KpoMe 
Toro pa3HeceHMe no TpaccaM pacnpocTpaHeHMe 
MOKeT 6biTb nonyMeHO nyTeM Mcnonb30BaHMfl 
cpeAbi MHorony^eBoro pacnpocTpaHeHMe 
nocpeACTBOM o6pa6oTKM pacniMpeHHoro 
cneKTpa, hto no3Bon^eT ocyii^ecTBnaTb npMeM m 
pa3AenbHyio o6pa6oTKy curHana, nocTynatoiAero 
c pa3nMHHbiMM 3aAep>KKaMM pacnpocTpaHeHMfl, 
KaK 6bino onMcaHO BbiLue. npuMepbi pa3HeceHM^ 
no TpaccaM pacnpocTpaHeHMe npMBeAeHbi b 
naTeHTe CLUA N 5101501 Ha 
'TIporpaMMMpyeMoe nepeKntoneHne cbh3m b 
cotobom TenecjDOHHOM CMCTeMe MflKP" ot 21 
MapTa 1992 toas m naTeHTe CLUA N 5109390 Ha 
'TIpMeMHMK pa3HeceHHoro npMeMa b cotobom 
TenecjDOHHOM CMCTeMe MflKP" ot 8 OKTfl6p?i 
1991, nepeycTynneHHbix npaBonpeeMHMKy 
HacTo^iAero n3o6peTeHMfi. 

OTpMi^aTenbHoe BnMfiHMe 3aMMpaHMfl MO>KeT 
6biTb ao HeKOTopoM CTeneHM CKOMneHcupoBaHO 
b CMCTeMe c MflKP nocpeACTBOM 
perynMpoBaHMfl molahoctm nepeAaTHMKa. 
GMCTeMa nn^ ynpaBneHM^ MOiAHOCTbK) 6a30BOM 
CTaHi^MM m yAaneHHoro MOAyna pacKpbiTa b 
naTeHTe CLUA N 5056109 Ha "Cnocoo" m 
ycTpoMCTBO An?! ynpaBneHMfl nepeAaBaeMOM 

MOLAHOCTbtO B COTOBOM MO^MnbHOM TenecjDOHHOM 

CMCTeMe MflKP" ot 8 OKTfi6pjR 1991 roAa, 
nepeycTynneHHOM npaBonpeeMHMKy 
HacTOfiLAero M3o6peTeHMfl. 

Cnoco6 MflKP, pacKpbiTbiM b naTeHTe CLUA 
N 4901307, npeAycMaTpMBaeT Mcnonb30BaHMe 
OTHOCMTenbHO AnMHHbix nceBAOOKMxeHHbix 
nocneAOBaTenbHOCTeM /nLUn/, npMHeM 
nonb30BaTenK) Ka>KAoro yAaneHHoro ycTpoMCTBa 
paAMOCBFi3M BbiAenseTca CBoa, OTnMHHaa ot 
ApyrMX nLUn. B3aMMHas Koppenfli^Mfl Me>KAy 
pa3nMHHbiMM nLUn m aBTOKoppenflLjMfl nilin Ana 
Bcex BpeMeHHbix cabmtob, OTnMHHbix ot Hynfi, 
MMefOT cpeAHee 3HaneHMe, 6nM3Koe k Hynfo, hto 
no3Bon5qeT pa3nMHaTb cumanbi pa3nMHHbix 
nonb30BaTeneM npM npMeMe. (fln^ nonyneHMfl 
HyneBoro cpeAHero 3HaneHM?i An^ 
aBTOKOppenflL4MM M B33MMHOM Koppenfli^MM, 
Tpe6yeTca, hto6n norMHecKMM "0" npMH^n 
3HaHeHne "1", a norMHecKaa "1" npMH^na 
3HaneHMe "-1" MnM Ha McxoAHoe OTo6pa>KeHMe 
norMHecKMX ypoBHeM). 

OAHaKO TaKMe nceBAOLuyMOBbie curHanbi He 
opToroHanbHbi. XoT5i B3aMMHaa Koppen?ii4Mfl no 
cymecTBy MMeeT HyneBoe cpeAHee 3HaHeHne Ha 
BceM nnnhie nocneAOBaTenbHOCTM, OAHaKO b 
TeneHMe KopoTKoro BpeMeHHoro MHTepBana, 

TaKOrO KaK BpeMfl MHCfDOpMai^MOHHOrO 6mt3, 
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B3anMHaa Koppenai4Mfl ABnaeTCfl cjiynanHon 
nepeivieHHOM c 6nHOMnanbHbiM 

pacnpefleneHneM. npn qtom curHanbi 
B3an MOflePidBy hdt flpyr c ApyroM b ochobhom 
TaKMM o6pa30M ; KaK ecnn 6bl OHM 

npeflCTaBJiann co6oi?i LunpoKononocHbiPi LuyM c 
rayccoBbiM pacnpefleneHneivi c tom >Ke caMOM 
cneKTparibHOM nnoTHOCTbio moluhoctm. TaKMM 
o6pa30M, curHanbi Apyrux nonb30BaTeneM v\nv\ 
LuyM ot BsanMHbix noiviex b KOHeHHOM cneTe 
orpaHMHUBaroT AOCTuraeMyK) nponycKHyio 
cnoco6HOCTb. 

Cnei4nariMCTaM xoponio M3BecTHO, hto 

MO>KHO CC)DOpMMpOBaTb HaOOp M3 n 
OpTOrOHaJIbHblX ABOMHHblX 

nocneAOBaTenbHOCTeM, Ka>KAa?i AnMHoPi n, Ann 
n, jRBnaHDiu.eroca nio6oM cTeneHbio 2 (cm. Digital 
Communications with Space Applications, S.W. 
Golomb et el. , Prentice-Hall, Inc., 
p. 45-64). B npnHU,nne TaioKe M3BecTHbi Ha6opbi 
opToroHanbHbix 6nHapHbix 
nocneAOBaTeribHOCTeM Arm oonbWMHCTBa ahmh, 
KOTopbie KpaTHbi neTbipeivi n MeHbLue AByxcoT. 
Oahh Knacc TaKnx nocneAOBaTenbHOCTeM, 
KOTopbie nerKO reinepupoBaTb, HasbiBaeTcs 

0yHKI4HeM yOflLUa, M3BeCTHOM TaK >Ke 3 K3K 

MaTpnu,a AAaiviapa. 

0yHKU,nfl yoniua n-ro nopsAKa MoweT 6biTb 
onpefleneHa peKypcuBHO cneAyfomnivi o6pa30M: 

I WCn/2) , HCn/Z) 
| WC n/Z> , H' C n/Z> [ 

rAe W o6o3HaHaeT norMHecKoe AonoriHeHne 

W, a W(1)= |0|. 

TaKMM o6pa30M, 

10,0 I 



W(n> 



W<2> = 



H<4> 



M 



0,0,0,0 
0,1,0,1 
0,0,1,1 
O, 1,1,0 



H<8> 



0,0,0,0,0,0,0,0 
0,1,0,1,0,1,0,1 
0,0,1,1,0,0,1,1 
0,1,1,0,0,1,1,0 
0,0,0,0,1,1,1,1 
0,1,0,1,0,1,0,1 
0,0,1,1,1,1,0,0 
0,1,1,0,1,0,0,1 

Oahom i/i3 CTpoK MaTpnu,bi qbyHKUMM yoniua 
ABJifleTCfl cuMBon, nocneAOBaTeribHOCTb nni/i 
koa yoniua. MaTpnu,a qtiyHKU.MM yonuja n-ro 
nop^AKa coAep>KHT n nocneAOBaTenbHOCTei/i, 
Ka>KAafl H3 KOTopbix MMeeT AnnHy n aneMeHTOB 
yon hi a. Ka>KAbiM koa yoniua MMeeT 

COOTBeTCTByHDLL^MM MHAeKC yonLUa, TAe MHAeKC 

yoniua othocmtca k HMcny /ot 1 ao n/, 

COOTBeTCTByJOLL^eMy CTpOKe, B KOTopoPi 
HaxoAHTca koa yonuja. HanpuMep, Ana 
npuBSASHHOM Bbiiue MaTpnu,bi 4)yHKU,MM yoniua c 
n=8 Bee HyneBbie ctpokm cooTBeTCTByioT 
MHAeKcy yonuja 1 , a koa yoniua 
0,0,0,0,1,1,1,1, cooTBeTCTByeT MHAeKcy yonuja 
5. 

MaTpnu,a cj^yHKi^MM yonuja n-ro nop^AKa (a 
TaioKe Bee APyrne opToroHanbHbie cjDyHKU.nn 
AnMHOM n) oonaAaioT cbomctbom, coctoalumm b 
tom, hto Ha MHTepBane n 6mt B3anMHasq 

KOppenflU,Hfl Me>KAy BCeMM HeCXO>KMMM 

nocneAOBaTenbHOCTFiMM BHyTpH Haoopa paBHa 
Hynfo. 3to BbiTeKaeT ms Toro, hto Ka>KAafl 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



nocneAOBaTenbHOCTb OTni/iHaeTCH ot nio6oM 
ApyroM nocneAOBaTenbHOCTM pobho nonoBMHofi 
cbohx 6mt. CneAyeT TaioKe OTMeTMTb, hto 
BcerAa cym,ecTByeT OAHa nocneAOBaTenbHOCTb, 
coAep>KaLi4asq Bee Hynn ; h hto Bee APyrMe 
nocneAOBaTenbHOCTH coAepxaT nonoBMHy 
eAHHHU, \a nonoBHHy HyneiTi. CuMBon yoniua, 
KOTopbM coctomt M3 Bcex norMHecKHX Hynei/i 
BMecTO nonoBMHbi M3 HyneM m nonoBHHbi H3 
eAMHMU,, Ha3biBaeTca HyneBbiM CMMBonoM 
yonuja. 

B KaHane o6paTHOM nMHMM cb^3m ot 
yAaneHHoro ycTpoMCTBa paAHocBA3M k 6"a30BoPi 
CTaHUMM OTcyTCTByeT nMnoT-cnrHan, 
o6ecneHMBa«u4ML?i npnB^3Ky no cjDa3e. TaKMM 
o6pa30M, MMeeTca Heo6xoAMMOCTb b cnoco6e, 
o6ecneHMBafOLn,eM BbicoKOKanecTBeHHyKD CB?i3b 
no KaHany c 3aMMpaHMeM, MMetou^eMy HM3Koe 
OTHOLueHne Eb/No/ OTHOiueHMe SHeprnn Ha oamh 
6mt k nnoTHOCTM molahoctm LuyMa/. MoAyn^UMfl 

CjDyHKUjMM yonma B 06paTH0M nMHMM CBfl3M 

^BnfleTCJi npocTbiM cnoco6oM nonyneHM^ 

64-pMHHOM MOAyn^u,MM C KOrepeHTHOCTbfO AH51 
HaOOpa M3 LlieCTM KOAOBblX CMMBOnOB, 

OTo6pa>KeHHbix b 64 KOAa yonuja. 
XapaKTepMCTMKM Ha3eMHoro KaHana TaKOBbi, hto 

HaCTOTa M3MeHeHMS qba3bl OTHOCMTenbHO HM3Ka. 

CneAOBaTenbHO, nyTeM Bbi6opa AnMHbi KOAa 
yonuja, KopoTKoro no cpaBHeHMio c nacTOTOM 

M3MeHeHM5R CjDa3bl B KaHane, B03M0>KHa 

KorepeHTHas Reuopynn\\\A9\ Ha AnuHe OAHoro 
KOAa yonuja. 

B KaHane oo~paTHOM nMHMM cb^3m KOAyonuja 
onpeAen^eTcs MHcjDopMau.MeM, nepeAaBaeMOM 
M3 yAaneHHoro ycTpoMCTBa paAMOCB5i3M. 

HanpMMep, Tpex6MTOBblM MHCjDOpMaU.MOHHblM 

cuMBon MO>KeT 6biTb OTo6pa>KeH b npuBeAeHHbie 
Bbiiue BoceMb nocneAOBaTenbHOCTeM W(8). 
"OSpaTHoe OTo6pa>KeHMe" 3aKOAMpoBaHHbix 
CMMBonoB yoniua b ou,eHKy mcxoahnx 

MHCjDOpMai4MOHHblX CMMBOnOB MO>KeT 6blTb 

BbinonHeHo b npMeMHMKe c noMOLi^bKO 6bicTporo 
npeo6pa30BaHM^ AAaMapa /BIIA/ 
npeAnoHTMTenbHoe "o6paTHoe OTo6pa>KeHMe", 
MnM npoi^ecc ceneKi^MM, p,aer "M5nrKoe" 
ZnporpaMMMpyeMoe/peujeHMe, KOTopoe MO>KeT 
6biTb nepeAaHO b A^KOAep Ana ASKOAMpoBaHMfl 
no KpnTepnK) MaKCMManbHoro npaBAonoAoGkm. 

npou,eAypa BIIA Mcnonb3yeTC5R Ana 
BbinonHeHMfl npou,ecca "oSpaTHoro 
OTo6pa>KeHM?i". npoi4eAypa BIIA KoppenMpyeT 
npMHS^TyKO nocneAOBaTenbHOCTb c Ka>KAOM M3 
B03M0>KHbix nocneAOBaTenbHOCTeM yonuja. flna 
Bbi6opa HaM^onee BepofiTHoro 3HaneHMa 
Koppenai^MM, KOTopoe MacLUTa6MpyeTca m 
npMHMMaeTCfl b KanecTBe "MarKoro" peujeHMfi, 
Mcnonb3yeTC?i cxeMa ceneKU,MM. 

ripMeMHMK CMmana c pacujMpeHHbiM 
cneKTpoM c pa3HeceHHbiM npMeMOM MnM 
MHoroKaHanbHbiM npneMHMK /"Rake" - npMeMHMK/ 
coAep>KMT MHOKecTBO npMeMHMKOB A^HHbix 
CMflrneHMfl 3cj34>eKTa 3aMMpaHM^. 06biHH0 
Ka>KAbiM npMeMHMK AaHHbix npeAHa3HanaeTCiq 
Ann AeMOAynMpoBaHM^ cwmana, npMLLieAUJero 
no CBoeM, OTnMHHOM ot ApyrMX Tpacce 
pacnpocTpaHeHMa, nM6o c Mcnonb30BaHMeM 
MHoroaneMeHTHbix aHTeHH, nw6o c 
Mcnonb30BaHMeM cbomctb MHoronyneBoro 
pacnpocTpaHeHMfl KaHana. npM AeMOAynflu,MM 

CMrHanOB, MOAynMpOBaHHblX B COOTBeTCTBMM CO 

cxeMOM nepeAaHM opToroHanbHbix CMmanoB, 
Ka>KAbiM npMeMHMK A^HHbix KoppenMpyeT 

npMHMMaeMblM CUmaJl C Ka>KAbl M M3 B03M0>KHblX 

3HaneHMM OTo6pa>KeHM?i 3 Mcnonb3ya npoi4eAypy 
BflA, BflA Ka>KAoro npMeMHMKa AaHHbix 
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o6-hepy\\-\n\OTcn, v\ 3aTeM cxeMa ceneKi^HH 
Bbi6npaeT Han6onee BepoflTHoe 3HaneHne 

KOppeJIflL^HM, OCHOBblBaflCb Ha MaKCMMaJIbHOM 

o6"beAMHeHHOM BbixoflHOM cumane BI~IA An* 
nonyneHHa fleMOflynnpoBaHHoro CMMBona 
"MarKoro" peiueHi/m. 

B cucTeiwe, onncaHHoi?i b riaTeHTe CLUA N 
5103459, curHan Bbi30Ba HannHaeTca b Bi/iAe 
MCTOHHMKa HHcjDopMai^MM 9600 6ht b ceKyHAy, 
KOTopbifi 3aTeM npeo6pa3yeTCfl KOAepoM 
np^Moro ncnpaBneHMfl oluhcok co CKopocTbfo 

1/3 B BblXOAHOM nOTOK 28800 CUMBOJIOB B 

ceKyHAy. 3tw cuMBoribi rpynnwpyfOTCfl no 6 atia 
o6pa30BaHHfl 4800 cumbojiob Yonuja b ceKyHAy, 
npuneM Ka>KAbiPi cumboji YonLua OT6"npaeT OAHy 
M3 LuecTHAecfiTM neTbipex opToroHanbHbix 
a>yHKi_i,i/ii7i Yoniua AnHTenbHOCTbio no 
LuecTbAecflT neTbipe aneivieHTa YoriLua. 
3neMeHTbi Yojiuja MOAynwpyfOTCfl c noMOLL^bfo 
reHepaTopa nceBAOLuyMOBoti 
nocneAOBaTejibHocTn, cneL4Mc|DHHecKofl atia 
Ka>KAoro nonb30BaTena. 3aTeM A^HHbie, 
MOAynnpoBaHHbie BbiAeneHHow {\na Ka>KAoro 
nonb30BaTen?i cnei^nabfiHecKoCi nceBAOLuyMOBoCi 
nocneAOBaTenbHOCTbHD, pacmennflioTCfl Ha Asa 
curHana, oahh M3 KOTopbix MOAyni/ipyeTca c 
noMOLU.bfo ncn CMHcjDa3Horo (I) KaHana, a ApyroPi 
MOAyJinpyeTcn c noMombio ncn KBaApaTypHoro 
(Q) KaHana. KaK l-KaHanbHaa, TaK m 
Q-KaHajibHaa MOAynfli4Hfl p,aej neTbipe 
nceBAOLuyMOBbix aneMeHTa Ha oamh aneMeHT 
Yonuja c HacTOTofi nceBAOcnynaMHoro KOAa 
pacLLinpeHUifl cneKTpa 1.2288 MTi^. I- m 
Q-MOAy.nnpoBaHHbie AQHHbie npeACTaBnajOT 
co6oti KBaApaTypHyto (pasoByio MOAyn5mi/iK} co 
cabhtom, oGiDeflUHeHHyfo A-n^ nepeAaHi/i. 

B cotobom cucTeivie MflKP, onucaHHOM b 
BbiLueynoM^HyTOM riaTeHTe CLUA N 4901307, 
Ka>KAafl 6a30Bafl CTaHLjMfl o6ecneHMBaeT b 
orpaHnneHHOM TeppHTopi/ianbHofi 30He n 
CBA3biBaeT yAaneHHbie ycTpoMCTBa paAnocBA3M 
b 30He o6cny>KHBaHHfi c noMOLU,bKD KOMMyTaTopa 

COTOBOM CUCTeMbl c KOMMyTHpyeMOW 

TenecjDOHHOM ceTbkD oS^ero nonb30BaHna. 
KorAa yAaneHHoe ycrpoficTBO paAHOCB?i3ki 
npnbrin>KaeTCfl k 30He o6cny>KMBaHMfl Apyrofi 
6a30BoPi CTaHi^MM, MapujpyTM3aL^Mfl Bbi30Ba 
3Toro nojib30BaTenn nepeAaeTca hobom 
6a30BOM CTaHi^MM. KaHan nepeAann curHana ot 
6a30BOM CTaHi^nn k yAaneHHOMy ycTpowcTBy 

paAMOCB5q3M Ha3blBaeTCfl npflMOM JIMHMeM CBA3H, 

a KaHan nepeAann cum an a ot yAaneHHoro 
ycTpoficTBa paAnocBFi3n Ha 6~a30Byio CTaHi4Mfo 
Ha3biBaeTca o6paTHofi nnHi/iefi cba3h. 

KaK 6bino onucaHO Bbiiue, MHTepBan 
aneivieHTa nceBAOLuyMOBoro KOAa onpeAenaeT 
MMHMManbHoe pa3HeceHne, KOTopoe Aon>KHbi 
MMeTb ABe Tpaccbi pacnpocTpaHeHna, HTOo"bi nx 
mo>kho 6bino o&beAHHHTb. f1pe>KAe HeM 
AeMOAynnpoBaTb pa3Hbie Tpaccbi 

pacnpocTpaHeHMiq cwmanoB, HeocxoAHMO 
CHanana onpeAenMTb OTHOCMTenbHbie BpeivieHa 
npuxoAa /nnn cabhtm/ cwmanoB Ana pa3Hbix 
Tpacc pacnpocTpaHeHna b npuHMMaeMOM 
CMmane. MoAeM KaHanbHoro aneivieHTa 
BbinonHaeT 3Ty c)DyHKL\MK3 nocpeACTBOM "noncKa" 
b nocneAOBaTenbHOCTM B03MO>KHbix cabhtob 
Ann Tpacc pacnpocTpaHeHH?i m M3MeHeHMfl 
SHeprnn, npuHUMaeMOM npn KaxAOM TaKOM 
bo3mo>khom CABure. Ecnw GHeprna, CBfl3aHHaa c 

B03MO>KHblM CABHTOM, npeBblLUaeT HeKOTOpbIM 

nopor, to TaKOMy CABMfy MO>KeT 6biTb npucBoeH 
aneivieHT ASMOAyn^i^MM curHana. 3aTeM curHan, 
cooTBeTCTByjoL^MM 3TOMy CABury An?i Tpacc 
pacujupeHMfl, MoxeT 6biTb npocyiviivinpoBaH c 
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cocTaBnaiou^nMH ot Apyrux aneivieHTOB 
AeMOAynfli4MM atia cooTBeTCTByfou4nx cabhtob. 
Gnoco6 n ycTpoMCTBO onpeAeneHU^ aneivieHTOB 
AeMOAynfli^MH Ha ocHOBe oi^eHKH ypoBHeM 
SHeprnn sneiweHTOB ASMOAyn?ii4MH noncKOBOw 
cucTeMbi pacKpbiTbi b 3asBKe Ha IHaTeHT CLUA N 
08/144902 ot 28 OKTfl6pa 1993 roAa, 
nepeycTynneHHOM npaBonpeeMHMKy HacTOflmero 
n3o6peTeHna. TaKOM npneiviHMK c pasHeceHneivi, 
nnn MHoroKaHanbHbiPi /RAKE/ npneMHUK, 
o6ecnennBaeT HaAe>KHyfo UMclDpoByfo CBH3b, 
nocKonbKy 3aMMpaHne Aon>KHO nivieTb MecTO 
Bcex Tpacc OAHOBpeMeHHO, HTOo"bi napaiweTpbi 
cyMMapHoro curHana yxyALiinnncb. 

Ha c|Dnr. 1 b KanecTBe npniwepa noKa3aH 
Ha6op cumanoB, nocTynaHDii^nx Ha 6"a30ByK) 
CTaHi4MK3 ot OAHoro yAaneHHoro ycTpowcTBa 
paAMOCBfi3n. BepTMKanbHaa ocb npeACTaBnaeT 
MOLUHOCTb b Aeu,n6enax (aB). Ha 
ropn30HTanbHOM ocu yKa3aHa 3aAep>KKa 
BpeivieHH npuxoAa cumana BcneACTBue 
3aAep>KeK MHoronyneBoro pacnpocTpaHeHM^. 
Ocb, nepneHAHKyn^PHa^ nnocKOCTM CTpaHfimbi 
(He noKa3aHa), npeACTaBnaeT cerMeHT BpeivieHH. 
Ka>KAbiM nuK curHana b nnocKOCTM CTpaHMi^bi 
cooTBeTCTByeT OAHOMy n to My xe MOMeHTy 
BpeMeHU, xotfi nepeAana ocyinecTBnanacb 
yAaneHHbiM ycTpoMCTBOM paAnocBfi3M b pa3Hbie 
MOMeHTbi BpeMeHM. Ha o^mePi nnocKOCTM nuKM, 
ne>KaLAne npaBee, cooTBeTCTByfOT curHany, 
nepeAaHHOMy yAaneHHbiM ycTpoMCTBOM 
paAHocBE3H paHbLue, neM curHanbi, 
cooTBeTCTByioLL^ne nMKaM, ne>Kaii^MM neBee. 
HanpuMep, caMbiM neBbiM nuK 2 cooTBeTCTByeT 
caMOMy nocneAHeMy nepeAaHHOMy curHany. 
Ka>KAbiM nuK curHana 2-7 cooTBeTCTByeT 
npoxo>KAeHHfo no pa3HOM Tpacce w, 
cneflOBaTenbHO, MMeeT pa3Hoe BpeMfl 3aAep>KKH 
n pa3Hyfo aMnnnTyAHyjo xapaKTepucTMKy. LUecTb 
pa3nnHHbix curHanbHbix nuKOB, noKa3aHHbix b 
Bi/iAe nuKOB 2-7, xapaKTepn3yKJT coSom cpeAy c 
cymecTBeHHbiM MHoronyneBbiM 
pacnpocTpaHeHneM. 06bNHa?i ropoACKaa cpeAa 
AaeT MeHbiue npuroAHbix a^i^ uicnonb30BaHi/ifl 
Tpacc pacnpocTpaHeHna. YpoBeHb co6cTBeHHbix 
LuyMOB cucTeMbi npeACTaBneH nuKaMn v\ 
npoBanaMU, HMefomnMH 6onee HH3Kne ypoBHM 
3Heprnn. 3aAaneM noncKOBoro oneMeHTa 
ABnseTCfl onpeAeneHne 3aAep>KKM, n3MepneMoi?i 
no ropn30HTanbHOM ocu cnmanbHbix nMKOB 2-7 
An?i pacnpeAeneHMfl noTeHL4nanbHbix 
sneMeHTOB A©MOAyn^u,kin. 3aAaneM sneMeHTa 
AeMOAyn^UMM 5RBn^eTc^ Ha6opa 
ni/iKOB MHoronyneBoro pacnpocTpaHeHU^ Ana 
cyMMnpoBaHMfl hx b eAUHbiw BbixoAHoPi cuman. 
TaioKe 3aAaneM aneMeHTOB AeMOAyn^nnn, 
pacnpeAeneHHbix no nuKaM MHoronyneBoro 
pacnpocTpaHeHMfl, ABnaeTCfl cne>KeHne 3a 
nuKOM, TaK KaK oh MO>KeT CABuraTbca bo 
BpeMeHM. 

TaioKe mo>kho cnnTaTb, hto no 
ropn30HTanbHOM ocu OTno>KeHbi eA^HMUbi 
CABura 3neMeHTOB nceBAOLuyMOBoro curHana. B 

nK)60M AaHHblfi MOMeHT 6a30B3f1 CTaHI^Mfl 
npMHMMaeT MHOXeCTBO pa3HblX CMTHanOB OT 

OAHoro yAaneHHoro ycTpokicTBa paAnocBfl3M, 
Ka>KAbiM H3 KOTopbix pacn pocTpaHflnca no CBoew 
Tpacce h MoxeT MMeTb OTnuHHyto ot APyrux 
3aAep>KKy. CurHan ot yAaneHHoro ycTpoMCTBa 
paAMOCBA3H MOAynnpyeTCfl c noMombHD ncn. 
TatoKe Ha 6a3CBOM CTaHi4MM reHepupyeTca Konnyi 
ncn. Ka>KAbiM curHan MHoronyneBoro 
pacnpocTpaHeHMjq ASMOAynnpyeTca Ha 6~a30Bofi 
CTaHi4MM OTAenbHO c noMOL^bK) KOAa ncn, 
CHHXpOHM3MpOBaHHOrO HHA^BMAyanbHO. Mo>kho 



CM 

o 

CM 

10 
m 



Ol 

Ol 
CO 

ro 
O 



CHUTaTb, HTO KOOpflMHaTbl ropn30HTanbHon ocu 
cooTBBTCTByKDT CABnry KOfla ncn, KOTO p bin 
6yfleT ncnorib30BaH Ana p,eMopynni\VM cnmana 

C 3TOM KOOpflUHaTOM. 

3aMeTMM, mto Ka>Kflbiw nMK MHoronyneBoro 
pacnpocTpaHeHMfl M3MeHaeTC?i no aMnnnTyAe b 
cfjyHKU.nn BpeweHH 3 KaK sto noKa3aHO b BMfle 
HepoBHoro rpeo"Ha Ka>Kfloro nnKa MHoronyneBoro 
pacnpocTpaHeHM^. Ha noKa3aHHOM 
orpaHnneHHOM BpeMeHHOM OTpe3Ke HeT 
6ojibLunx M3MeHeHHM b nnKax MHorojiyneBoro 
pacnpocTpaHeHMfl. B 6onee wnpoKOM 
BpeMeHHOM flnana30He nuKH MHoronyneBoro 
pacnpocTpaHeHna ncne3aioT n co BpeMeHeM 

C03flaK3TCfl HOBbie TpaeKTOpHM. I~IHKH TaioKe 

MoryT CMemaTbCfi b CTopoHy oonee paHHMX nnn 
oonee no3AHMX cabhtob b pe3yribTaTe 

M3MeHeHHfl AJlUHbl TpaeKTOpMH npH flBMXeHMM 

yAaneHHoro ycTpoMCTBa paAnocB?i3n b 30He 
AeMCTBun 6a30Bon CTaHUHM. Ka>KAbiti sneMeHT 
AeMOAyj~ifli4Hn OTcnexuBaeT Hanoonbiune 
n3MeHeHMfi BbifleneHHoro eMy curHana. 3aflaneM 
npouecca noncKa flBnaeTca cjDopMnpoBaHne 
onncaHna Teamen cpeAbi MHoronyneBoro 
pacnpocTpaHeHU^, BocnpnHnMaeMon 6a30Bon 
cTaHi^MeM. 

B oGbMHOM paAHOTenec|DOHHOM cncTeMe 
CBA3M b nepeAaTHMKe yAaneHHoro ycTponcTBa 

paAMOCB^3M MO>KeT 6blTb MCnOJ1b30BaHa 
CMCTeMa BOKOAHpOBaHMfl, KOTopaa KOAMpyeT 
peneByio nHcjDopMau.wo b cjDopMaTe nepeMeHHon 
ckopocth. HanpnMep, CKopocTb nepeAann 
AaHHbix MO>KeT CHMxaTbCjR n3-3a nay3 b penn. 
l~loHM>KeHHaa CKopocTb nepeAann AaHHbix 
yMeHbiuaeT ypoBeHb nepeKpecTHbix noMex Ana 
Apyrux nonb30BaTenen, Bbi3biBaeMbix 
nepeAanen ot yAaneHHbix yorponcTB 

paAMOCBfl3M. B npneMHMKe Urn B K3KOM-TO mhom 
yCTpOMCTBe, CBfi3aHHblM c npneMHUKOM , 
ncnojib3yeTCfl cncTeMa BOKOAnpoBaHna Ana 
BoccTaHOBneHHfl peneBon MHcjDopMai4nn. 
BAo6aBOK k peneBon HHcjDopMai^nn yAaneHHbiM 
MOAyneM MoxeT nepeAaBaTbca nn 60 ToribKO 
HepeneBaji HHC^opiviaLjufi, nn6o i/ix coneTaHne. 

BoKOAep, noAXOA^LLiUM Ana ncnonb30BaHna 
b TaKOM cpeAe, onncbiBaeTca b coBMecTHO 
noAaHHOM saaBKe Ha riaTeHT CLUA N 08/363170 
Ha "BoKOAep nepeMeHHon ckopocth" ot 23 
AeKaGpa 1994 roAa, nepeycTynneHHon 
npaBonpeeMHUKy HacToamero n3o6peTeHna. 
3tot BOKOAep M3 i4Hc|DpoBbix Bbi6opoK peneBon 

MHCjDOpMaU.HM co3AaeT KOAMpOBaHHbie ASlHHbie c 

neTbipbMa pa3JinHHbiMM CKopocTaMn, HanpnMep, 
npuMepHO 8000 6"ht/c, 4000 6ht/c, 2000 6ht/c 
n 1000 6mt/c Ha ocHOBe peneBon aKTHBHOCTM b 
TeneHne u,ni<na atimhom 20 mc. Ka>KAbin onoK 
AaHHbix BOKOAepa qbopMaTnpyeTca c 
ncnojib30BaHneM BcnoMoraTenbHbix 6htob b 

BMfle KaflpOB flaHHblX CO CKOpOCTPMM 9600 6mt/c, 

4800 6ht/c, 2400 6nT/c n 1200 6mt/c. KaAP 
AaHHblX MaKCHMaJIbHOM CKOpOCTH 9600 6ht/c 

Ha3biBaeTca KaApOM nojiHofi ckopocth; KaAP 
AaHHbix co CKopocTbK) 4800 6mt/c Ha3biBaeTca 
KaApoM nonoBUHHOM ckopocth; KaAP AaHHbix co 
CKopocTbio 2400 6mt/c Ha3biBaeTca KaApoM 
OAHOki HeTBepTOM CKOpOCTH n KaAP AaHHbix co 
CKopocTbio 1200 6mt/c Ha3biBaeTca KaApoM 
oahoPi BOCbMOM ckopoctm. Hn b npouecce 
KOAnpoBaHMfl, hm b npoi4ecce CjDOpMaTHpOBaHMfl 

KaflpOB MHC|30pMaL4Hf1 O CKOpOCTH He BKJllOHaeTCfl 

b AaHHbie. Ecjim yAaneHHoe ycTpoMCTBO 
paAMOCB5i3M nepeAaeT AaHHbie co CKopocTbio, 
MeHbiueM, H6M normal CKOpOCTb, TO paSOHUM 
i4HKn curHana, nepeAaBaeMoro yAaneHHbiMn 
ycTpowcTBaMU paAnocBfl3n, 6yAeT TaKOM >Ke, KaK 
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CKopocTb nepeAann AaHHbix. HanpuMep, curHan 
c oaholi neTBepTow ckopoctm ot yAaneHHoro 
ycTpoCicTBa paAnocB^3n nepeAaeTca TonbKO 
oflHy neTBspTyio nacTb BpeivieHM. 

YAaneHHoe ycrpoMCTBO paAMOCBa3M 
BKnioHaeT b ce6a paHAOMHsaTop naKeTOB 
AaHHbix. PaHAOMM3aTop naKeTOB AaHHbix 
onpeAenaeT, b TeneHne KaKnx MHTepBanoB 
BpeMeHU yAaneHHoe ycTpoPicTBO paAHocB5R3M 
BeAeT nepeAany n b TeneHne KaKnx MHTepBanoB 
BpeMeHM oh He BeAeT nepeAany npH ycnoBMM 
saAaHHOM ckopocth nepeAann AaHHbix, 

KOHKpeTHbM MHAeHTMCjDMKaU.MOHHblPl HOMep 

yAaneHHoro ycTpoMCTBa paAnocB?i3n n BpeMfl 
cyTOK. npn pa6oTe co CKopocTbio, MeHbiuePi 
nonHOM ckopoctm, paHAOMM3aTop naKeTOB 
AaHHbix b cocTaBe yAaneHHoro ycTpoMCTBa 
paAnocB?i3n pacnpeAenneT nceBAOcnynaMHbiM 
o6pa30M MHTepBanbi aKTHBHoro BpeMeHM BHyTpn 
naKeTa nepeAann. CooTBeTCTBytoLAMM 
paHAOMH3aTop naKeTOB AaHHbix BKmonaeTCfl 
TaioKe n b cocTaB 6a30BOM CTaHi^nn, TaK hto 
6a30Bafi CTaHmi/m MO>KeT Bocco3AaTb 
nceBAOcnynaMHoe pacnpeAeneHne Ha ocHOBe 
BpeMeHU cyTOK n KOHKpeTHoro 

MAeHTMcjDnKai^MOHHoro HOMepa yAaneHHoro 
ycTpoPicTBa paAnocBfl3n, ho 6a30Baa CTaHi^na 
He 3HaeT anpnopn CKopocTb nepeAann AaHHbix 
nepeAaBaeMoro cnmana. 

HHTepBanbi BpeMeHU npn oahom BocbMon 
cKopocTn onpeAenaiOT TaK Ha3biBaeMyio 
"yHHTbiBaeMyio" rpynny BpeMeHHbix nHTepBanoB. 
YAaneHHoe ycTponcTBO paAnocB^sn, 
pa6oTaioLnee c oahoCi neTBepToti ckopocth, 
BeAeT nepeAany b TeneHne BpeMeHHbix 
nHTepBanoB "ynnTbiBaeMon" rpynnbi n ei^e 
OAHoro HaGopa pacnpeAeneHHbix 

nceBAOcnynanHbiM o6pa30M Bbi^paHHbix 
nHTepBanoB. YAaneHHoe ycTponcTBO 
paAnocBfl3n, pa6oTaioLAee c nonoBnHHon 
CKopocTbK), BeAeT nepeAany bo BpeMfl 
BpeMeHHbix nHTepBanoB oahom neTBepTon 
ckopocth n APyroro Ha6opa pacnpeAeneHHbix 
nceBAOcnynanHbiM oGpa30M nHTepBanoB. 
YAaneHHoe ycTponcTBO paAnocBA3n, 
pa6oTaioLnee c nonHoPi CKopocTbio, BeAeT 
nepeAany HenpepbiBHO. TaKUM nyTeM, 
He3aBncnMO ot ckopoctm nepeAann AaHHbix 
nepeAaBaeMoro cnmana, Kax<Abin BpeMeHHon 
nHTepBan, coot BeTCTByio 114 nn "ynnTbiBaeMon" 
rpynne, OAH03HanHO onpeAenaeT nHTepBan 
BpeMeHn, KorAa cooTBeTCTByfoiu.ee yAaneHHoe 
ycTponcTBO paAnocBa3n nepeAaeT cnman. 
flononHnTenbHbie noApo^HOCTn, KacajoLi^neca 
paHflOMM3aTopa naKeTa AaHHbix, onucbiBatoTCfi b 
coBMecTHO noAaHHon 3aflBKe Ha IHaTeHT CLUA N 
08/291647 Ha "PaHAOMnsaTop naKeTOB AaHHbix" 
ot 16 aBrycTa 1994 roAa, nepeycTynneHHon 
npaBonpeeMHnKy HacTOFiiAero M3o6peTeHnq. 

MTo6bi C3KOHOMnTb cncTeMHbie pecypcbi A/ifl 
aKTnBHbix AaHHbix npn nepeAane penn, 
yAaneHHoe ycTponcTBO paAnocBA3n He 
nepeAaeT nHcfopMai^nio o CKopocTn nepeAann 
AaHHbix Ana Ka>KAoro onoKa AaHHbix. 
CneAosaTenbHO, npneMHMK flon>KeH onpeflennTb 
CKopocTb, npn KOTopon AaHHbie KOAnpoBanncb n 
nepeAaBanncb Ha ocHOBe nepeAaBaeMoro 
cnmana, TaK HTo6bi BOKOAep, CBfl3aHHbin c 
npneMHnKOM, Mor npaBnnbHO BoccTaHOBnTb 
peneByio nHc|DopMaL4nio. CnocoG onpeAeneHna 
CKopocTn, npn KOTopon KOAnpoBanncb naKeTHbie 
AaHHbie, 6e3 nonyneHna nHcfiopMai^nn o 
CKopocTn ot npneMHnKa, pacKpbiBaioTca b 
coBMecTHO noAaHHon 3aaBKe Ha naTeHT CLUA N 
08/233570 Ha "Cnoco6 n ycTponcTBO Ana 
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onpefleneHMfl ckopoctw nepeflann AaHHbix c 
nepeivieHHOM CKopocTbKD b npMBMHMKe cncTeMbi 
CBfl3n" ot 26 anperm 1994 rofla, 
nepeycTynneHHOM npaBonpeeMHMKy HacTOfiLnero 
M3o6peTeHHfi. Cnocoo" onpeAeneHMfl ckopocth 
AaHHbix, pacKpbiTbiM b BbiLueynoMflHyTOM 3asBKe, 
peann3yeTCfi nocne Toro, KaK 6bin npi/iHHT m 
fleMOAyriMpoBaH cwman, bcjigactbmg nero 
MHc|DopMai4Hfi o CKopocTH npoi^ecca noncKa 
OTcyTCTByeT. 

Ha 6a3QBOM CTaHunn M3 aHcaM6nfl 
npuHMMaeivibix cumarioB Bbi30BOB flon>KeH 6biTb 
MfleHTHcjDMi4MpoBaH Ka>KflbiM OTflejibHbiM CMman 
yAaneHHoro ycTpoficTBa paAwocBfl3H. CucTeMa 
m cnocoo" ASMOAynf^MM curHana yAaneHHoro 
ycTpowcTBa paAnocBA3n, npuHMMaeivioro Ha 
6a30BoPi CTaHi^nM, onncaHbi, Hanpi/iMep, b 
naTeHTe CLUA N 5103459. Ha dpw. 2 noKa3aHa 
6noK-cxeMa o6opyAOBaHns 6a30BoPi CTaHU,nn, 
onucaHHoro b naTeHTe CLUA N 5103459, atia 
AeMOAyJifH4nn curHana yAaneHHoro ycTpoficTBa 
paAMOCB^3M, nepeAaBaeMoro no oSpaTHOM 

flUHMH CBH3M. 

M3BecTHafl TfinoBafl 6"a30Baa CTaHi^ufi 
coAep>KHT MHorosneMeHTHoe He3aBMCMMoe 
noncKOBoe ycTpoMCTBO m aneMeHTbi 

AeMOAy-TlflLJUH. riOMCKOBOe yCTpOMCTBO n 

aneMeHTbi AeMOAyrifli^nM ynpaBnatoTcn 
MMKponpoueccopoM. B pacciviaTpMBaeMOM b 
KanecTBe npuMepa BapnaHie Ana noAAep>KaHi/ifl 

BblCOKOM nponyCKHOM CnOCO^HOCTH CMCTeMbl HM 

oaho yAaneHHoe ycTpoMCTBO paAMOCBA3M b 
cucTeiwe He nepeAaeT nunoT-curHan. 
OTcyTCTBUie nunoT-curHana b oSpaTHOM jiuhmh 
cba3h yBennHUBaeT BpeMfi , Heo6xoAMMoe Ana 
aHaxiHsa Bcex B03MO>KHbix BpeMeHHbix cabhtob, 

C KOTOpbIMM MO>KGT 6"blTb npUHflT CMTHan OT 

yAaneHHoro ycTpoficTBa paAMOCBH3H. Oo"bMHO 
nnjioT-curHan nepeAaeTCfl c ypoBHBM 
molahoctm, 6onee BbicoKHM, HeM cnmanbi 
TpacjDHKa, hto noBbiiuaeT OTHOiueHne 
curHan-iuyM npuHUMaeivioro ni/moT-cwrHana no 

CpaBHSHUKD c npHHUMaeMblMM KaHaribHblMH 

curHanaMU TpacjDMKa. B npoTHBonono>KHOCTb 
3TOMy b HAeane Ka>KAoe yAaneHHoe ycTpowcTBO 
paAMOCBfl3M nepeAaeT cuman oo"paTHoPi jiuhmm 
cba3h, KOTopbiPi nocTynaeT c ypoBHeM 
moluhoctm, paBHbiM ypoBHfo molljhocth, 
npuHMMaeMOMy ot riK)6oro Apyroro yAaneHHoro 
ycTpowcTBa paAnocBA3n, m cneAOBaTenbHO, 
MMeHDLAUM HM3KOe OTHOLLieHUe CMrHan-iuyM. 

Kpoivie Toro, KaHan nwnoT-CMmana nepeAaeT 
M3BecTHyfo nocneAOBaTeribHOCTb AaHHbix. Be3 
nunoT-curHana b npoi^ecce noncKa HeooxoAMMO 
npoBep^Tb Bee BapnaHTbi, no KOTopbiM Momn 
6biTb nepeAaHbi AaHHbie. 

Ha cf)nr. 2 b KanecTBe npniviepa noKa3aH 

BapnaHT H3BeCTHOM 6a30B0W CTaHL^MM. Ba30Ba^ 

CTaHi4MH Ha cjDnr.2 nivieeT OAHy mjih 6onee 
aHTeHH 12, npnHMMaioLJ4MX curHaribi o6paTHbix 
nnHMki cb?13M yAaneHHbix ycTpoficTB paAMOCB?i3M 
14. OObNHO 30Ha AeficTBkm ropoACKoti 6a30BOM 
CTaHU,MM pa3AeneHa Ha Tpn cy630Hbi, 
Ha3biBaeMbie ceKTopaMM. ripn AByx aHTeHHax Ha 
oamh ceKTop o6bNHan 6a30Ba?i CTaHi4Mfi niweeT 
Bcero LuecTb npneiviHbix aHTeHH. ripuHMMaeMbie 
curHaribi npeo6pa3yK)Tca c noHM>KeHMeivi 
nacTOTbi ao nonocbi nacTOT MOAynnpyiOLAUX 
cumaiioB aHanoroBbiM npneMHMKOM 16, 
KOTopbiM pa36MBaeT curHan Ha I m Q KaHanbi n 
nocbinaeT stm UMcjDpoBbie 3HaneHMfl no 
curHanbHbiM LUMHaM 18 b MOAeM KaHanbHoro 
aneivieHTa 20. 06bNHajq 6a30Bafl CTaHi^wfl 
coAep>KHT MHOxecTBO MOAeMOB KaHanbHbix 
aneivieHTOB, TaKnx KaK MOAeM KaHanbHoro 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



aneivieHTa 20 /Ha c{)Mr. 2 He noKasaHbi/. Ka>KAbiM 
MOAeM KaHanbHoro sneMeHTa 20 noAAep>KMBaeT 
OAHoro nonb30BaTensq. B npeAnoHTHTenbHOM 
BapnaHTe MOAeM KaHanbHoro aneMeHTa 20 
coAep>KHT neTbipe aneMeHTa A£MOAyn?mnn 22 m 
BOceMb noncKOBbix ycTpoPicTB 26. 
M^KponpoL^eccop 34 ynpaBnaeT pa6oTOM 
aneMeHTOB AeMOAynfli4HM 22 m noncKOBbix 
ycTpotiCTB 26. riceBAOLuyMOBOM koa 
nonb30BaTena b k3>kaom sneMeHTe 
AeMOAynauMM 22 n noncKOBOM ycTpoMCTBe 26 
HacTpawBaeTca Ha nceBAOiuyMOBOM koa 
yAaneHHoro ycTpoficTBa paAnocB^3n, 
BbiAeneHHbiCi ati^ SToro MOAeMa KaHanbHoro 
aneMeHTa 20. MuKponpoi^eccop 34 noiuaroBO 
npocMaTpuBaeT noncKOBbie ycTpoMCTBa 26, 
ncnonb3ya Ha6op cabhtob, Ha3biBaeMbifi 
nOMCKOBblM okhom, KOTopoe noTeHi^ManbHO 
coAep>KMT nuKH cumana MHoronyneBoro 
pacnpocTpaHeHun, noAXOAflLUne Ana 
pacnpeAeneHMfl mx sneMeHTaM f^sMopyn^vwA 
22. Ana Ka>KAoro CABura noncKOBoe ycTpoficTBO 
26 coo^LAaeT MUKponpoueccopy 34 ypoBeHb 
3Heprnn, KOTopbiM oho o6Hapy>KMno b 3tom 
CABure. 3aTeM MMKponpoi^eccop 34 
npucBanBaeT aneMeHTbi ASMOAyn^i^MM 22 
TpaccaM pacnpocTpaHeHMfl, 

MAeHTMC|DMI4MpOBaHHblM nOUCKOBblMM 

ycTpoPicTBaMU 26. KaK TonbKO oamh H3 
sneMeHTOB A©MOAynfli4MM 22 3acjDMKCMpoBan 
curHan Ha pacnpeAeneHHOM eMy CABwre, oh 
3aTeM cneAUT 3a gtom TpaccoCi caM 6e3 
KOHTpon^i co CTopoHbi MUKponpoi^eccopa 34, 
noKa Ha HeM He B03HMKHeT 3aMnpaHne nnn noKa 
3tot sneMeHT He SyAeT pacnpeAeneH 
MMKponpoi^eccopoM 34 hobom Tpacce 
pacnpocTpaHeHMiq curHana. 

B cucTeMe no 0\av.2 Ka>KAbi v\ aneMeHT 
AeMOAynfli^MM 22 m noHCKOBoe ycTpoCiCTBO 26 
coAep>KHT oamh npoi^eccop BI1A 52, cnocoSHbiti 
BbinonHflTb oaho npeo6pa30BaHne BI~IA b 
TeneHne HHTepBana BpeMeHU, paBHoro 
MHTepBany cm m Bona Yoniua. npoi^eccop BI1A 
cjDyHKi4MOHnpyeT b "peanbHOM BpeMeHM" b tom 
CMbicne, hto oaho 3HaneHne HHTepBana 
cuMBona Yoniua bboamtc^ m 3HaneHne OAHoro 
cuMBona BbiBOAMTca v\3 npoi^eccopa BI~IA. 
CneAOBaTenbHO, Ana o6ecneHeHMfl 6bicTporo 
npoi^ecca noncKa HeoSxoAMMO ncnonb30BaTb 
6onbiue, neM oaho noMCKOBoe yorpoMCTBO 26. 
Ka>KAoe noMCKOBoe ycTpoMCTBO 26 noAaeT Ha 
MMKponpoi4eccop 34 pe3ynbTaTbi BbinonHeHHoro 
noMCKa. MMKponpoi^eccop 34 cboamt qtm 
pe3ynbTaTbi b TaGnni^bi Ana ncnonb30BaHM?i npM 
npMCBoeHMH aneMeHTOB ASMOAyn^i^MH 22 
nocTynaioLUMM curHanaM. 

Ha cjDnr. 2 noKa3aHa BHyTpeHH^s CTpyKTypa 
TonbKO OAHoro aneMeHTa AewoAynf^MM 22, ho 
noHATHO, hto OHa npuMeHMMa TaioKe m Ana 
noMCKOBbix ycTpoMCTB 26. Ka>KAbiM aneMeHT 
AeMOAyn5qi4MM 22 Mnn noMCKOBoe ycTpoMCTBO 26 
MOAeMa KaHanbHoro aneMeHTa MMeeT 
cooTBeTCTByiOLUMe reHepaTopbi 36,38 I- m 
Q-ncn m reHepaTop 40 cnei^ncjDMHecKi/i An?i 
Ka>KAoro nonb30BaTena ncn, KOTopbiM 
ncnonb3yeTC5R An^ Bbi6opa ko h KpeT h o ro 
yAaneHHoro ycTpoMCTBa paAHocBH3H. BbixoAHOki 
curHan cnei4McjDHHecKOM Ana Ka>KAoro 
nonb30BaTena ncn 40 noABepraeTca onepai4MM 
"MCKnhDHaHDLAee HJ1M" c noMombio 
cooTBeTCTByfOLAUx norMHecKnx sneMeHTOB 42 m 
44 BMecTe c BbixoAHbiMM cumanaMi/i 
reHepaTopoB 36 n 38 I- n Q-nCfl Ana nonyneHMfl 
ncn-1' n ncn-Q 1 , KOTopbie noAatOTcq Ha 
ycTpoMCTBO OKaTHfl 46. OnopHbie 
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CMHxpoHM3npyfOLi4ne cnmanbi reHepaTopoB 36, 
38, 40 HacTpaidBaioTca Ha cflBur 
pacnpefleneHHoro curHana, tbk hto ycTpoficTBO 
c>KaTna 46 KoppennpyeT npMHUMaeMbie 
aHTeHHOM I- n Q-KaHaribHbie BbioopKH c ncn-l 1 n 
ncn-Q', comacoBaHHOM c pacnpefleneHHbiM 
CABuroM curHana. HeTbipe Bbixofla ycTpoPicTB 
OIOTH5R, COOTBGTCTByfOLI4Me neTbipeM 

nceBfloujyMOBbiM sneivieHTaM Ha aneivieHT 
yojiLua, cyMMnpyfOTCfi, o6pa3ya oa^h sneivieHT 
yojiLua c noMOLUbfo cyMMaTopoB 48 n 50. 3aTeM 
HaKonneHHbiw oneivieHT Yonuja noAaeTca b 
npoL^eccop 5I1A. Korfla nonyneHbi 64 aneMeHTa, 
cooTBeTCTByjoLune oflHOMy cwMBony yonuja, 
npoi^eccop Ell A 52 Koppeni/ipyeT Haoop M3 64 
aneivieHTOB yoniua c Ka>KAbiM H3 B03MO>KHbix 64 
nepeflaHHbix cumbojiob yonnia n BbiflaeT 64 
aneMeHTHyK) MaTpni^y flaHHbix "MarKoro" 
peweHMa. 3aTeM bwxoa npoi^eccopa BI~IA 52 
cyMMi/ipyeTca c BbixoflaMM Apyrux pacLunpeHHbix 
aneMeHTOB AeMOAynau.nn c noMOLLjbK) 
cyMMaTopa 28. Bbixofl cyMMaTopa 28 
npeACTaBnaeT coootf fleMOflynnpoBaHHbiti 
cumboji "MarKoro" peujeHi/ia, B3BeujeHHbiPi 
nocpeACTBOM AOBepHTenbHoro ypoBHa, KOTopbifi 
tohho MAeHTMcjDMi^npyeT hcxoaho nepeAaHHbifi 
cmmboji yoniua. 3aTeM flaHHbie "MarKoro" 
penieHMfl noAafOTCfl b A^KOAep npaMoro 
ncnpaBJieHUfl oluh6"ok 29 Ana AanbHewLuePi 

06pa60TKM, HTOSbl BOCCTaHOBMTb WCXOAHbM 

curHan Bbi30Ba. 3aTeM gtot cni~Han Bbi30Ba 
nocbinaeTca nepe3 uncjDpoByio jimhukd CBa3M, 
TaKyro KaK nwHi/ia CBa3M T1 mjim E1, KOTopaa 
HanpaBnaeT Bbi30B b KOMMyTMpyeMyio 
TenecfDOHHyK) ceTb oS^ero nonb30BaHna 32. 

KaK m Ka>KAbiM aneMeHT AeMOAynau,wn 22, 
Ka>KAoe noHCKOBoe ycTpoMCTBO 26 coAep>KHT 
TpaKT AaHHbix AeMOAyrifiuuM npoueccopoM SUA, 
cnocoGHbiM BbinoriHflTb oaho npeo6pa30BaHne 
BriA b TeneHne MHTepBana BpeMeHM, paBHoro 
MHTepBany cuMBona yonuja. rioncKOBoe 
ycTpoCicTBO 26 OTnwHaeTca ot aneMeHTa 
AeMOAynai^Hi/i TonbKO TeM, Ka« wcnonb3yeTca 
ero BbixoAHOM curHan n TeM, hto oho He 
ooecneHMBaeT BpeMeHHoe cnexeHne. flnfi 
Ka>KAoro o6pa6aTbiBaeMoro CABura Ka>KAoe 
noncKOBoe ycTpoMCTBO 26 onpeAenaeT 3Heprmo 
Koppenai^HW Ha gtom CABure nyTeM OKaTHa 
aHTeHHbix Bbi6opoK, HaKonneHna nx b aneivieHTbi 
yojiLua, BbinoriHeHUfl npoueAypw BI1A n 
cyMMHpoBaHHa MaKCHManbHOM SHeprnn BbixoAa 
Ana Ka>KAoro cum Bona yoniua, Ha kotopom 
noncKOBoe ycTpowcTBO 3aAep>KMBaeTC?i npn 
CABure. OKOHHaTenbHaa cyMMa coo6LL\aeTCfl 
o6paTHO MMKponpoi^eccopy 34. 06bMHO Ka>KAoe 
noncKOBoe ycTpoFicTBO 26 b rpynne c ApyrMMH 
no onepeAH onpaninBaeTCfl nepe3 noncKOBoe 
okho MMKponpoi^eccopoM 34, npuneM Ka>KAoe M3 
hmx OTAeneHO ot coceAHero Ha nonoBMHy 
aneMeHTa nceBAOLuyMOBoro KOAa. TaKMM 

06pa30M, Ha Ka>KAyK) MaKCMManbHO B03MO>KHyK) 

oi_Lin6Ky CABura Ha neTBepTb aneMeHTa 
npuxoAHTca AOCTaTOHHO 3Heprnn Koppenfli^MM 
Ana oGecne^eHM^ Toro, HTo6bi Tpacca He Gbina 
nponymeHa M3-3a Toro, hto noncKOBoe 

yCTpOMCTBO He yCTaHOBMJlO CBfl3b C TOHHbIM 

cabhtom Ana AaHHofi Tpaccbi pacnpocTpaHeHna. 
riocne nooneAOBaTenbHoro npocMOTpa 
noncKOBbix ycTpoMCTB 26 nocpeACTBOM OKHa 
noncKa MMKponpoi4eccop 34 OLjeHMBaeT 
coo6iAaeMbie pe3ynbTaTbi m nmeT Tpaccbi c 
Han6onee Mou^HbiM curHanoM Ana 
pacnpeAeneHna aneMeHTOB AeMOAynai^MM, KaK 
3to onucaHO b BbiujeynoMaHyTOM 3aaBKe Ha 
naTeHT CL1JA N 08/144902. 
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CpeAa MHoronyneBoro pacnpocTpaHeHMa 
nocTOAHHO M3MeHfieTCfl, TaK KaK yAaneHHoe 
ycTpoMCTBO paAHocB5R3n m Apyrne OTpaKaKDU^ne 
o6"beKTbi nepeMeu^afOTca b 30He p,g\actb\ar 
6a30BoC^ CTaHi4MM. KonnnecTBO noncKOB, 
KOTopbie Aon>KHbi 6biTb BbinonHeHbi, 
onpeAenaeTca Heo6xoA^MOCTbK) AOCTaTOHHO 
6"bicTpo onpeAennTb ycnoBue MHoronyneBoro 
pacnpocTpaHeHun, TaK HTo6bi oneMeHTbi 

MOAyTiai-IMM MOmM 3C)DC(DeKTMBHO ncnonb30BaTb 

BepHO Ha^AeHHbie Tpaccbi pacnpocTpaHeHna 
cumanoB. C ApyroPi CTopoHbi, HeooxoA^Moe 
KonnnecTBo aneMeHTOB A©MOAynai4nn aBnaeTca 
cfcyHKUHeM KonnnecTBa ynoM^HyTbix Tpacc, 
HaMA^HHbix Ana ncnonb30BaHnn b n\o6ov\ 
MOMeHT BpeMeHM. flna yAOBneTBopeHna 3thx 
Tpe6oBaHMi?i cucTeMa no c(DMr.2 MMeeT A^a 
noncKOBbix ycTpoPicTBa 26 n oahh aneMeHT 
AeMOAynfli^MM 22 Ana Ka>KAOM M3 MeTbipex 
ncnonb3yeMbix HHTerpanbHbix cxeM MCI 
AeMOAynai4Hn, Bcero neTbipe aneMeHTa 
AeMOAynfli^nw v\ BoceMb noncKOBbix ycTpoMCTB 
Ha oahh MOAeM KaHanbHoro aneMeHTa. Ka>KAbiPi 
M3 3TMX ABeHaAi^aTH o6pa6aTbiBaK3Li^nx 
aneMeHTOB coAep>KMT nonHbiM TpaKT 
AeMOAynau,MM A^HHbix, BKn^aK^muM npoi4eccop 
BI1A, KOTopbiw 3aHHMaeT GonbLuyjo nacTb 
floporocTO^Lneti nnomaflu MHTerpajibHoii cxeMbi. 
BAo6aBOK k MeTbipeM MC A©MOAynaTopa, MOAeM 
KaHanbHoro sneMeHTa TaioKe MMeeT 14C 
MOAynaTopa \a MC A^KOAepa np^Moro 
McnpaBneHna olum6ok s Bcero 6 MC. flna 
ynpaBneHna m KoopAHHai^nn aneMeHTOB 
AeMOAynai^nn n noncKOBbix ycTpowcTB 
Tpe6yeTca MOLUHbiM n Aoporofi 
MMKponpoi^eccop. KaK noKa3aHO Ha cjDnr. 2, stm 
cxeMbi noriHOCTbio He3aBMCMMbi m TpeGyfOT 
HenocpeACTBeHHoro ynpaBneHna co CTopoHbi 
MHKponpoi4eccopa 34 Ana OTcne>KMBaHMfl 

KOppeKTHblX CABMTOB M 06pa60TKH BblXOAHblX 

AaHHbix BI~IA. MuKponpoueccop 34 nonynaeT 
npepbiBaHne Ha Ka>KAbi \a CMMBon yonuja, HTo6bi 
o6pa6oTaTb BbixoAHbie A^HHbie BIHA. TaKaa 
CKopocTb npepbiBaHna caMa no ce6e A^naeT 
Heo6xoAMMbiM ncnonb30BaHne Mou^Horo 
MMKponpoi^eccopa. 

Mo>kho 6bino 6bi o6ecnennTb 
npenMymecTBO, ecnn 6bi niecTb MC, 
Heo6xoAMMbix Ana MOAeMa, yAanocb CBecTM k 
oahom MC, b MeHbLuefi CTeneHU Hy^aroLi^eMC^ b 
noAaep>KKe MHKponpoi4eccopa, hto yMeHbiunno 

6bl CTOMMOCTb MC H CTOHMOCTb M3rOTOBneHHa 

MOAeMa Ha ypoBHe nnaT n no3Bonnno nepewTM k 
ncnonb30BaHMto 6onee AeiueBoro 

MUKponpoi^eccopa /nnn, KaK BapnaHT, OAHoro 
Mou^Horo MMKponpoi^eccopa, 
noAAep>KHBaK3Li^ero cpa3y HecKonbKO MOAeMOB 
KaHanbHbix sneMeHTOB/. HeAOCTaTO^HO npocTO 
coKpaTMTb pa3Mepbi b npouecce npon3BOACTBa 
MC n 3aMeHMTb mecTb MMKpocxeM Ha OAHy. 
OcHOBHaa apxnTeKTypa noMCKOBoro ycTpotfcTBa 
Aon>KHa 6biTb pa3pa6oTaHa saHOBO Ana 
BblCOK03C|DC)DeKTMBHOrO MOAeMa Ha oahom 
MUKpocxeMe. Mcxoas M3 BbiLiiecKa3aHHoro, 
AonxHO 6biTb acHO, hto HMeeTca noTpe6HOCTb b 
ycTpoi?icTBe Ana npneMa m o6pa6oTKM curHana, 
KOTopoe MO>KeT AewoAynnpoBaTb curHan 

Bbl3QBa C paCLUHpeHHblM CneKTpOM npM HM3KOM 

ctohmoctm m 6onee ac|DctDeKTMBHOM apxMTeKjype. 

B HacToau^eM M3o6peTeHnn mo>kho 
ncnonb30BaTb Ha6op onMcaHHbix Bbinie 
noncKOBbix ycTpoCicTB, pa6oTafOLi^nx b 
peanbHOM BpeMeHM, nnn oahh noncKOBbiM 
npoi4eccop b HHTerpanbHOM ncnonHeHnn, 
KOTopbM MO>KeT 6bicTpo oi^eHMBaTb 6oribLuoe 
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Hucno CABuroB, noTeHi^nanbHO coflep^au^nxcfl b 
MHoronyneBOM npMHMMaeMOM curHane Bbi30Ba. 

HacToaii^ee n3o6peTeHne npeACTaBnaeT 
cooom cnocoo" noncKa cm man a MHoronyMeBoro 
pacnpocTpaHeHuifl, KOTopbin nepeflaeTcsq c 
Hen3BecTHoi?i ki3MehmeMoPi CKopocTbio m 
ncnonb3yeT ynpaBneHne ypoBHeM molu,hoctm. 

CymHOCTb M3o6peTeHna 

HacToaLL^ee n3o6peTeHne npeACTaBnaeT 
co6oi?i cnoco6 noncKa cumana c MHoronyneBbiM 
pacnpocTpaHeHneM, KOTopbifi nepeflaeTCfl c 

HeH3BeCTHOM M3MeHfleMOM CKOpOCTbKJ M 

noflBepraeTCjq perynnpoBaHnio ypoBHfl 
MOL14HOCTM. Cnocoo" noncKa nBnneTcn 
nnHePiHbiM, b tom CMbicne, mto He 
npeflnpuHMMaeTCfl nonbiTKa cnHxpoHnsai^nn 
nponecca noncKa c M3BecTHbiM BpeMeHeM flxifl 
coflep>KaHM5R AaHHbix. l~1poi_\ecc noncKa 
cnHxpoHH3npyeTCfl c rpaHMi^aMU rpynn 
ynpaBneHun moll^hocth, HTo6bi mo>kho 6bi.no 
nonynnTb TOHHbie oueHKM moluhoctm. 

KpaTKoe onucaHne HepTewefi 

npn3HaKM, 3aflann m npenMymecTBa 
HacTO^Lnero n3o6peieHMfi CTaHyT 6"onee 
oneBHAHbiMn H3 nocneAyHDii^ero noflpoGHoro 
oni/icaHMfl, BiwecTe c nepTewaMM, Ha KOTopbix 
oflMHaKOBbie ccbinoHHbie cuMBonbi 

MAeHTUcpni^npyfOT cooTBeTCTByfOLAne sneMeHTbi 
n Ha KOTopbix noKa3aHO cneflytoLAee: 

cjDi/ir. 1 - nnnNDCTpai4Mfl coctoahma cumana b 
ycnoBnax cymecTBeHHoro MHoronyneBoro 
pacn pocT pa He h n a ; 

cpMr.2 - 6noK-cxeivia M3BecTHOM cucTeMbi 
fleMOAynflLjuii ceTM cba3m; 

c|DMr.3 - npniviep TeneKOMMyHUKai^noHHOM 
cucTeMbi c MflKP, BbinonHeHHofi cornacHO 
HacTOflLi4eMy n3o6peTeHi/iK); 

ct»nr. 4 - frnoK-cxeivia MOAeivia KaHanbHoro 
sneivieHTa, BbinonHeHHoro cornacHO 

HacToaLL4eiviy H3o6peTeHnto; 

cjDnr.5 - 6noK-cxeivia npoueccopa noMCKa; 

cjDnr.6 - MnmocTpaLjMfl u,HKnnHecKoro 
xapaKTepa 6ycjDepa aHTeHHbix BbicopoK, 
ncnonb3yHDLi^ero nepBbin cabmt; 

cf)nr. 7 - iinntocTpaLjkm L^HKnunecKoro 
xapaKTepa 6ycjDepa aHTeHHbix BbiGopoK Ana 
BToporo HaKonneH^fl npn nepBOM CABure no 
cf)nr. 6; 

cf)nr. 8 - MnnKJCTpai^nfl L^HKnunecKoro 
xapaKTepa 6y<£epa aHTeHHbix BbiGopoK Ana 
BToporo CABura; 

cjDnr. 9 - rpacjDMK, noKa3biBafOLU 1 MCi ) KaKUM 
o6pa30M ycTpowcTBO noncKa o6pa6aTbiBaeT 
bxoahom CMman npneMHUKa b cfiyHKLi 1 MH 
BpeiweHu; 

cf)nr.10 - 6noK-cxeivia BxoflHoro KacKafla 
ycTpoPicTBa noncKa; 

cpnr.11 - 6noK-cxeivia ycTpoiicTBa cxaTHfl 
ycTpoMCTBa noncKa; 

c)Dnr.12 - GnoK-cxeMa npoLjeccopa 
pe3ynbTaTa ycTpoficTBa noncKa; 

cjDnr.13 - 6rioK-cxeMa nornnecKoro 
ycTpoMCTBa ynopflAoneHMfi ycTpoficTBa noncKa; 

cjDnr.14 - BpeMeHHafl A^arpaMMa, 
noKa3biBaiomafl nocneAOBaTenbHOCTb 
o6pa6oTKH, H3o6pa>KeHHOM Ha c|DMr.5, v\ 
cooTBeTCTByrau^ee cocTOAHMe HeKOTopbix 
sneivieHTOB norHHecKoro ycTpoMCTBa 
ynpaBneHU^, npeACTaBneHHbix Ha c|DMr.13; n 

cjDnr.15 - anbTepHaTHBHaa 6noK-cxeMa 
npoueccopa nokicKa. 

OnMcaHne npeAnoHTHTenbHoro BapHaHTa 
ocyLL^ecTBneHMfi M3o6peTeHHfl 

B nocneAytomeM onncaHHM cnoco6a h 

CHCTeMbl ATlfl 06pa60TKH TenecjDOHHblX Bbl30BOB 
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B L^MCjDpOBOM paAHOTenecjDOHHOM CMCTeMe 
AaKDTC^ pa3nwHHbie ccbiriKM Ha npou,eccbi v\ 
3Tanbi, KOTopbie BbinonH^ioTC^ ah^ AOCTH>KeHH5R 
>Kenaeivioro pe3yribTaTa. CneflyeT noHUMaTb, hto 
TaKMe ccbinKM othocstc^ He k ashctbh^m v\h\a 
yMCTBeHHbiM onepai^MfiM, ocyinecTBnneMbiM 
nenoBeKOM, a k pa6oTe, BHAOM3MeHeHHio m 
npeoGpa30BaHMio pa3nnHHbix CMCTewi, BKnioHafl 

OCOOeHHO T3KHe CHCTeMbl, B KOTOpblX 

o6pa6aTbiBaK)TCfl 3neKTpnnecKMe v\ 
aneKTpoiviarHMTHbie cnrHaribi m 3apaAbi, 
onTHHecKMe cnmanbi \af\\a mx KOM6MHau 1 nn. B 
ocHOBe TaKMX CHCTeivi ne>KHT ncnonb30BaHne 

pa3nMHHblX MHCjDOpMaUMOHHblX 3anOMHHaHDU4MX 

ycTpoPicTB, MacTO Ha3biBaeMbix "naMflTbto", 

KOTOpbie 3anOMMHatOT MHC)DOpMaU l MK) 

nocpeACTBOM pasMemeHHa m ynopaAoneHM?i 
aTOMHbix kinn cyGaTOMHbix 3apa>KeHHbix nacTMi^ 
Ha HOCHTene >KecTKoro AUCKa nnki b KpeMHMH, 
a pee h ha© rannwa v\nv\ APyrow 
nonynpoBOAHMKOBOH cpeflbi, flBnaioLneficfl 
ochobom MHTerpanbHbix cxeM, a TaioKe 
ncnonb30BaHne pa3nnHHbix ycTpoMCTB 

06pa60TKM MHC|DOpMaiJ 1 MH J H3CTO Ha3blBaeMblX 
MHKponpOL^eCCOpaMH, KOTOpbie H3MeHflfOT CBOM 

napaMeTpbi m cocTOAHMe, pearnpy?i Ha 
yKa3aHHbie 3neKTpnHecKne m sneKTpoiviarHMTHbie 
CHTHanbi h 3apnflbi. TaioKe npeAycMOTpeHa 
B03MO>KHOCTb Mcnonb30BaHMa naMflTM H 

MMKponpoi4eccopoB, KOTopbie 3anoMHHaioT m 
06pa6aTbiBaioT 3Heprnio M3nyneHMfl v\nv\ 
HacTMUbi, MMeHDLUMe cnei4nanbHbie oriTMHecKne 

XapaKTepMCTMKM, MnM HX KOM6MHaU,MM, M HX 

npuiivieHeHMe cornacyeTC?! c npoi^eccoM 
cjDyHKi^HOHHpoBaHHJR onncbiBaeMoro 
M3o6peTeHnsq. 

HacTOfl Lu.ee H3o6peTeHne MO>KeT 6biTb 
peanMSOBaHO b caMbix pa3Hbix CMCTeiviax 
nepeAaHM AaHHbix, a b npeAnoHTHTenbHOM 
BapHaHTe, noKa3aHHOM Ha cjDMr. 3, M3o6peTeHne 
peann3yeTC?i b CMCTeMe 100 p,nn nepeflann penn 

M A^HHblX, B KOTOpOM CMCTeMHblH KOHTponnep H 

KOMMyTaTop 102 BbinonHfleT cjDyHKi^MM 
HHTepqbeCica h ynpaBneHwa, no3Bon33 
ycTaHOBMTb CB?i3b c yAaneHHbiMH ycTpoMCTBaMM 
paAMOCBfi3H 104 Mepe3 6a30Bbie CTaHU,HM 106. 
BnoK KOHTponnepa h KOMMyTaTopa /BKK/ 102 
ynpaBnaeT MapiupyTHsai^MePi Bbi30BOB Me>KAy 
KOMMyTHpyeMOH TenecjDOHHOM ceTbro o6u_Lero 
nonb30BaHHfl /KTCOn/ 108 h 6a30BbiMM 
CTaHL4H^MH 106 ati^ nepeAaHH Ha yAaneHHbie 

yCTpOMCTBa paAHOCBfl3M 104 M OT HMX. 

Ha cjDHr. 4 noKa3aHbi MOAeMbi KaHanbHbix 
aneMeHTOB 110 A - 110 N h ApyrMe oneiweHTbi 

MHCjDpaCTpyKTypbl 6a30BOH CTaHL^MM , 

pa6oTaioLnne b cooTBeTCTBMH co cnoco6aMM 
MflKP, h cjDopiviaTaMM AaHHbix, onncaHHbiMM b 
BbiujeyKa3aHHbix naTeHTax. MHO>KecTBO aHTeHH 
112 noAaioT npMHHMaeMbiM ckiman o6paTHOM 
nHHMM CBA3M 114 b aHanoroBbiM 
npneMonepeAaTHMK 116. AHanoroBbiM 
npneivionepeAaTHMK 1 1 6 ocyLnecTBnfleT 
npeo6pa30BaHne cumajia o6paTHOH nHHMM 
CBA3M 114 c noHM>KeHMeM MacTOTbi ao nonocbi 
H3CTOT MOAynMpyiou4MX CMTHanOB M 
AMCKpeTM3MpyeT cnrHari 3tom nonocbi ^acTOT 
npM BOCbMHKpaTHOM HacTOTe nceBAOLuyMOBbix 
sneivieHTOB npMHHMaeivioro CHTHana MflKP, KaK 
6bino onpeAeneHO Bbiiue. AHanoroBbiM 
npMeMonepeAaTMMK 1 1 6 noAaeT i4McjDpoBbie 
aHTeHHbie BbiSopKM b MOAeMbi KaHanbHbix 
sneMeHTOB 1 10 A - 1 10 N nocpeACTBOM CMmana 
o6-beAMHMTenbHOM nnaTbi paAMonpneMHHKa 
6a30BOM CTaHL4MM. Ka>KAbiM MOAeM KaHanbHoro 
sneMeHTa 1 10 A - 1 10 N MoxeT 6biTb npMCBoeH 
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oflHOMy yflaneHHOMy ycTponcTBy paAMOCBfl3M, 

MMeHDLI46My aKTMBHyfO CBfl3b, ycTaHOBneHHyto c 

6a30BOM CTaHi^ne^. Bee MOfleMbi KaHaribHbix 
aneMGHTOB 110 A - 110 N npaKTHMecKH 
HAeHTMHHbi no CTpyKrype. 

Ecnn aKTHBHOMy Bbi30By npucBoeH MOAeM 
KaHanbHoro aneivieHTa 110 A, to bxoahow KacKafl 
AeMOAynaTopa 122 v\ MHTerpanbHbiM noMCKOBbiM 
npou,eccop 128 BbiAensioT CMn-ian ot 
cooTBeTCTByrau^ero yflaneHHoro ycTpoficTBa 

paAMOCBfl3M M3 MHO>KeCTBa CHrHailOB Bbl30BOB, 

coflep>KaLL^MXc?i b cm mane o6paTHoro TpaKTaTa 
114, nyTeM Mcnonb30BaHMfl ncn, onucaHHbix b 
BbiujeyKa3aHHbix naTeHTax n naieHTHbix 
3a?iBKax. MofleM KaHanbHoro aneivieHTa 110 A 
BKfikDHaeT b ceoa oflHOKpucTaribHbiM noncKOBbiPi 
nponeccop 128 Ann HAeHTMcjDHKai4MM curHariOB 
MHoronyneBoro pacnpocTpaHeHMfl, KOTopbie 

MOryT 6blTb MCnOJlb30BaHbl BXOflHblM KacKaAQM 

AeMOAyrmTopa 122. B npeAnoHTMTenbHOM 
BapnaHTe npou,eccop BI1A c KBamoBaHneM 
BpeivieHU 120 oconyxMBaeT KaK MHTerpanbHbiM 
noncKOBbm npou,eccop 128, TaK n bxoahom 
KacKaA ASMOAynflTopa 122. B omnMne ot 
coBMecTHO Mcnonb3yeMbix npou,eccopa 5I~IA 120 
m onoKa onpeAeneHMfl OTHOCMTenbHoro 
MaKCMMyMa 160, MHTerpanbHbiM noMCKOBbiM 
nponeccop 128 ABrmeTCfl aBTOHOMHbiM, 
caMoynpaBfifleMbiM n He3aBHCMMbiM 
ycTpowcTBOM. noMCKOBaa apxMTeKTypa 
AeTaribHO onwcbiBaeTCfl b OAHOBpeMeHHO 
paccMaTpuBaeMOM 3a^BKe Ha naTem CLUA N 
08/316177 Ha "npoi^eccop CMmanoB 
MHoronyneBoro pacnpocipaHeHun Ana CMCTeMbi 
CB33H MHO>KecTBeHHoro AOCTyna c 
pacujMpeHHbiM cneKTpowi" ot 30 ceHTfl6pfl 1994 
roAa, nepeycTynneHHOM npaBonpeeMHUKy 
HacToamero H3o6peTeHH5q. 

ripoi^eccop BI~IA 120 ABrmeTCfl KmoneBbiM 
ycTpowcTBOM b npou,ecce AeMOAynflLjHU. B 
npeAnoHTHTeribHOM BapnaHTe npou,eccop EI~IA 
120 coothocmt npuHMMaeMbie 3HaneHMfl 

CUMBOJIOB YoriLUa C K3>KAblM M3 B03MO>KHblX 

3HaneHMM cmmbojiob Yoniua, KOTopbie Mornn 
6biTb nepeAaHbi yAaneHHbiM ycTpoficTBOM 
paAMOCBfl3M. npoLieccop BI~IA 120 BbiAaeT 
3Hepri/iio KoppensmMM, cooTBeTCTByfOLnyfo 

Ka>KAOMy M3 B03MO>KHblX CUMBOJIOB yOJILUa, 

npuneM 6onee BbicoKUM ypoBeHb 3Heprnn 
KoppejiflLJ.HM cooTBeTCTByeT 6onee BbicoKow 

BepO^THOCTH TOrO, HTO yAaJieHHblM yCTpOMCTBOM 

paAMOCB^3M 6bin nepeAaH cumboji, 
coot BeTCTByhD Lamm 3TOMy MHAeKcy yon ma. 
3aTeiwi ojiok onpeAeneHM* MaKCM My Ma 160 
onpeAenseT caMbiM oonbLUOM M3 64 BbixoAHbix 
ypoBHeM 3HeprMM npeo6pa30BaHMfl. 3aTeM 
MaKCMMaribHan sHeprna Koppenau^M m 
cooTBeTCTBytouj,MM m h AeKC yojiuja M3 OJlOKa 
onpeAeneHMn MaKCMMyMa 160 n Ka>KAbiM M3 64 
BbixoAHbix CMrHanoB SHeprMM Koppeji^AMM m 
npoueccopa BI1A 120 noAafOTca b KOHBeMepHbiM 
npoueccop AeMOAyJWopa 126 Ann 
AaribHeMLueM o6pa6oTKM. MaKCMMaribHan 

SHeprMfl KOppennL^MM M COOTBeTCTByfOLAMM 

MHAeKC Yonuja M3 onoKa onpeAeneHMfl 
MaKCMMyMa 160 B03BpaiAaK3Tcn o6paTHO b 
MHTerpanbHbiM noncKOBbiM npou,eccop 128. 
KoHBeMepHbiM npou,eccop AeMOAyn?rropa 

126 CMHXpOHM3MpyeT M CyMMMpyeT CMMBOJlbHbie 

AaHHbie, nonynaeMbie Ha pa3JiMHHbix CABMrax, b 
eAMHbiM noTOK AeMOAynwpoBaHHbix cmmbojiob 
"MnrKoro" /nporpaMMMpyeMoro/ peujeHMn. 
BAo6aBOK KOHBeMepHbiM npou,eccop 

AeMOAyn^Topa 126 BbNficrmeT ypoBeHb 
molahoctm npMHMMaeMoro CMrHana. McxoAfl M3 
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npuHMMaeMoro ypoBHS molllhoctm c|DopMnpyeTCfi 
yKa3aHMe, npeAnMCbiBafOLAee yAaneHHOMy 

yCTpOMCTBy paAMOCB513M nOBblCMTb MJ1M 

noHM3MTb Mom,HOCTb nepeAaMM GToro MOAyn^. 
KoMaHAa Ha ynpaBneHMe Mom,HOCTb^ npoxoAMT 
nepe3 MOAynflTop 140, KorapbiM Ao6aBJineT 3Ty 
KOMaHAy b CMmari, nepeAaBaeMbiM 6a30BOM 
CTaHi4Mei?i Ann npweMa AaHHbiM yAaneHHbiM 

yCTpOMCTBOM paAMOCBfl3M. 3tot KOHTyp 

ynpaBfieHMfl Mom,HOCTbK) cjDyHKU.noHMpyeT 
cornacHO cnoco6y 5 onMcaHHOMy b 
BbiujeyKa3aHHOM riaTeHTe CLUA N 5056109. 

riOTOK CMMBOJIOB "M^TKOro" peUJeHMfl 

BbiBOAMTcn M3 KOHBeMepHoro npou,eccopa 
AeMOAynsTopa 126 b o6paTHbiM 
nepeMe>KMTerib/AeKOAep c np^MbiM 
McnpaBneHMeM oujm6ok 130 nepe3 

MMKponpOU,eCCOpHblM LUMHHblM MHTepcjDeMC 134. 

3aTeM AaHHbie HanpaBJiflioTCfl ^epe3 o6paTHbiPi 

l4MCt»pOBOM KaHaJI 121 B BKK 102, KOTOpbIM 

ocyLAecTBJifleT coeAMHeHMe no Bbi 30By c KTC 
On 108. 

KaHan o6pa©OTKM AaHHbix np^MOM jimhmm 
CBA3M peariM3yeT cjDyHKi^MM, oGpaTHbie no 

CpaBHeHMKJ C OGpaTHOM JlMHMeM CBA3M. CMTHaJI 

noAaeTCfl M3 KTC On 108 nepe3 BKK 102 b 
o6paTHbiPi u,Mc|DpoBOM KaHan 121. OSpaTHbiM 
HmcJdpobom KaHan 121 noAaeT CMrHan Ha bxoa 
KOAepa/nepeMe>KMTenn 1 38 nepe3 
MMKponpoi4eccop KaHanbHoro aneMeHTa 136. 
nocne KOAMpoBaHM^ m nepeMexeHMfl AaHHbix 
KOAep/nepeMe>KMTenb 138 noAaeT AaHHbie Ha 
MOAynflTop 140, rAe ohm MOAynMpyiOTcn, KaK 
6bino onMcaHO b BbiujeyKa3aHHbix naTeHTax. 
BbixoAHOM CMTHan 146 MOAyn^Topa 140 
noAaeTcn b cyMMaTop nepeAaTHMKa 142, i~Ae oh 
Ao6aBn?ieTca k BbixoAHbiM CMTHanaM ApyrMX 
MOAeMOB KaHanbHbix sneMeHTOB 110 B - 110 N, 
npe>KAe neM ohm noABepmyTcn 
npeo6pa30BaHMio c noBbiiueHMeM nacTOTbi 
OTHOCMTenbHO nonocbi MOAynMpyfom,MX 
CMrHanoB m ycMnflTCfl b aHanoroBOM 
npMeMonepeAaTHMKe 116. Cnoco6 

CyMMMpOBaHM^I paCKpbIT B COBMeCTHO nOA3HHOM 

3a^BKe Ha naTeHT CLUA N 08/316 156 Ha 
'TlocneAOBaTenbHbiM aneMeHT coeAMHeHMn Ann 

CyMMMpOBaHMfl MHOKeCTBa U,MC|DpOBblX 

CMrHanoB" ot 30 ceHTn6pn 1994 roAa, 
nepeycTynneHHOM npaBonpneMHMKy HacTOfiLAero 
M3o6peTeHMn. KaK noKa3aHO b BbiiueyKa3aHHOM 
naTeHTHOM 3a^BKe, cyMMaTop nepeAaTHMKa, 

COOTBeTCTByMDLAMM Ka>KAOMy M3 MOAeMOB 

KaHanbHoro aneMeHTa, MO>KeT 6biTb BKnhDHeH 
nocneAOBaTenbHO b TononorMio TMna "LJ.enoHKM" 
b cnynaMHOM nop?iAKe, BbiAaBan 
pe3ynbTMpyKOLi4MM cyMMapHbiM CMman, KOTopbiM 
noAaeTCfl b aHanoroBbiM npMeMonepeAaTHMK 
1 1 6 Ann TpaHcnjRU,MM. 

Ha cjDMr. 5 noKa3aHbi aneMeHTbi, BXOAflm,Me b 
MHTerpanbHbiM noMCKOBbiM npou,eccop 128. 
KnioneByio ponb b npoL4ecce noMCKa MrpaeT 
npou,eccop BI1A c KBaHTOBaHMeM BpeMeHM 120, 
KOTopbiM, KaK ynoMMHanocb Bbiuje, coBMecTHO 
Mcnonb3yeTC?i MHTerpanbHbiM noMCKOBbiM 
npou,eccopoM 128 m BXOAHbiM KacKaAOM 
AeMOAyn^Topa 122 /Ha cjDMr. 5 He noKa3aH/. 
ripoi^eccop BnA 120 MO>KeT BbinonHRTb 
npeo6pa30BaHMfl CMMBonoB yoniua co 
CKopocTbio b 32 pa3a 6onbLueM, neM npoi4eccop 
BI1A Ha c|DMr. 2. TaKafl cnoco^HOCTb ©biCTporo 
npeo6pa30BaHMfl A^aeT B03MO>KHbiM 
cjDyHKU.MOHMpoBaHMe MOAeMa KaHanbHoro 
3neMeHTa 110 c KBaHTOBaHMeM BpeMeHH. 

B npeAnoHTMTenbHOM BapMaHTe npou,eccop 
BflA 120 nocTpoeH c Mcnonb30BaHMeM 
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6-CTyneHHaTOM u,enM Tuna "6a6oHKn". KaK 
noflpo6HO onucaHO Bbinie, a>yHKL4Mfl yonuja n-ro 
nopflAKa MO>KeT 6biTb peKypcuBHO onpeAeneHa 
cneAyfOLL^HM o6pa30M: 

"h<yi^Z> m HCn/Z) | 

rAe W o6o3HanaeT nornnecKoe AonoriHeHne 
W, a W(1)=0. 

B npeAnoHTMTSJibHOM Bapi/iame 

nocneAOBaTenbHOCTb yonnia reHepMpyeTca npn 
n= 6, m, cneAOBaTenbHO, Ana cooTHeceHMfl 64 
sneMSHTOB Yojiuja OAHoro nepeAaHHoro 

CMMBOJia YOJlUJa C Ka>KAOrO M3 64 B03MO>KHblX 

nocneAOBaTejibHOCTeM yon ma Lienor b3ye~rcfl 
6-CTyneHHaTafi MaTpMu l bi-"6"a6'oHKM". dpyKTypa 
m cnoco6 cjDyHKi^MOHnpoBaHUfl npou,eccopa BI1A 
120 noApoSHO pacKpbiTbi b coBMecmo 
noAaHHOM sa^BKe Ha naTeHT CLUA N 08/173 460 
Ha "Cnocoo" m ycTpoficTBO Ana BbinonHeHMa 
6biCTporo npeo6pa30BaHMfi AAaMapa" ot 22 
AeKaGpw 1993 roAa, nepeycTynneHHOM 
npaBonpeeMHMKy HacTOflmero M3o6peTeHMfl. 

HToSbi Bocnorib30BaTbcn npeMMymecTBaMM 
npou,eccopa BI~IA 120, MMeKom,ero 
TpMAi^aTHAByxKpaTHyio npoM3BOAMTenbHOCTb no 
cpaBHeHHK) c npoTOTunoM, pa6oTafOLHMM b 
peanbHOM BpeMeHM, npou,eccop BIIA 120 
Aon>KeH 6biTb ooecneneH AaHHbiMM aha 

06pa60TKM, BBOAHMblMM C BblCOKOM CKOpOCTbK). 

flrm yAOBneTBopeHMfl 3Toro TpeSoBaHMfl oyepep 
aHTeHHbix Bbi6opoK 172 AonxeH 6"biTb 
paccHMTaH cooTBeTCTByfOLi^MM o6pa30M. 3anncb 
b m CHUTbiBaHne M3 6ya>epa aHTeHHbix Bbi6opoK 
172 ocyLAecTBnaeTca i^nKnuHecKM. 

ripouecc noncKa rpynnnpyeTca Ha HaGopbi 
noncKOB OTAenbHbix cabmtob. HauBbicLUUM 
ypoBeHb rpynnnpoBaHkifi - sto HaSop noncKOB 
Ana ameHHbi. Ka^biM Haoop noncKOB Ana 

aHTeHHbl COCTOMT M3 MHO>KeCTBa nOMCKOBblX 

okoh. OGbiHHO Kawoe noncKOBoe okho b Ha6ope 
noncKOB Arm aHTeHHbl npeACTaBrmeT coo"om 
MAeHTUHHO BbinoriHfleMyio rpynny noncKOB, rAe 
Ka>KAoe noncKOBoe okho npn aHTeHHOM noncKe 
nonynaeT AaHHbie ot onpeAeneHHOM aHTeHHbl. 
Ka>KAoe noncKOBoe okho BbinoiiHeHO M3 p^Aa 
rpynn noncKa, npeACTaBnflK>m,MX cooom Haoop 
nocneAOBaTejibHbix noncKOBbix cabmtob, 
BbinoriHaioLUMXcfl b TeneHMe BpeMeHM, 
SKBMBaneHTHoro AnnTeribHOCTM cuMBona 
yoniua. Ka>KAafl TaKaa rpynna noncKa coctout 
M3 Ha6opa srieMeHTOB rpynnbi. Ka>KAbiM sneMeHT 
npeACTaBJiaeT co6om eAMHMHHbiM noMCK Ha 
AaHHOM CABure. 

B Hanane npou,ecca noncKa 
MMKponpoi^eccop KaHanbHoro GJieiweHTa 136 
nocbinaeT napaivieTpbi, onpeAenfltoiuMe 
noncKOBoe okho, KOTopoe MO>KeT 6biTb nacTbio 
Ha6opa aHTeHHbix noHCKOB. l_UnpnHa noncKOBoro 
OKHa MO>KeT 6biTb yKa3aHa b sneMeHTax 
nceBAOLuyMOBoro KOAa. KonMHecTBO noncKOBbix 
srieMeHTOB, HeooxoAMMbix Arm 3aBepLueHns 

nOUCKOBOrO OKHa, H3MeHfleTC£ B 3aBMCMMOCTH OT 

KOJiMHecTBa oneiweHTOB nceBAOLuyMOBoro KOAa, 
onpeAeneHHbix b noncKOBOM OKHe. KonnnecTBO 
sneivieHTOB Ha OAHy rpynny noncKa MO>KeT 6biTb 
onpeAeneHO MHKponpoi4eccopoM KaHanbHoro 
sneivieHTa 136 win MO>KeT 6biTb 3acf)HKCMpoBaHO 

B BUfle HeKOTOpOM KOHCTaHTbl. 

Ha c)Dnr.1 b KanecTBe npuiiwepa noKa3aH 
Ha6"op curHanoB, nocTynaKOLL\nx Ha 6a30Byro 
CTaHi4MK) ot OAHoro yAaneHHoro ycTpowcTBa 
paAMOCBfl3M, H3 KOToporo CTaHeT 6onee 

nOHHTHOfi B3aHMOCBfl3b Me>KAy nOUCKOBblM 

okhom, rpynnoti noncKa v\ aneivieHTOM rpynnbi. 
BepTHKanbHaa ocb Ha cjDnr. 1 npeACTaBrmeT 
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npuHMMaeiviyfo MOLUHOCTb b AeL^n^enax /aB/. no 
ropn30HTanbHOM ocu OTKnaAbiBaeTc* 3aAep>KKa 
no BpeivieHM npuxoAa cumana, B03HHKaioLnajR 
M3-3a 3aAep>KeK MHoronyneBoro 

pacnpocTpaHeHi/m. Ocb /He noKa3aHa/ ; MflyLAayi 
nepneHAHKyrmpHO nnocKOCTM CTpaHMi^bi, 
npeAGTaBfiaeT cenweHT BpeivieHH. Bee nuKH 
curHana b nnocKOCTH CTpaHMi4bi npuLunn b oaho 
m to >Ke BpeMfl, xotji n 6binn nepeAaHbi 
yAaneHHbiM ycTpoticTBOM paAnocB^3n b pa3Hoe 
BpeMfl. 

MO>KHO CHMTaTb, HTO ropM30HTaflbHafl OCb 

MaciuTa6MpyeTC?i b eAMHHi4ax CABura 
aneivieHTOB nceBAOLuyMOBoro KOAa. B rifoGoM 
AaHHbiM MoiweHT BpeMeHU 6a30Baa CTaHi_\n?i 
npuHMMaeT MHOxecTBO pa3nnHHbix curHanoB ot 
OAHoro yAaneHHoro ycTpoficTBa paAMOCB?i3M, 
Ka>KAbiPi M3 KOTopbix npoLueri ao OTJinnafOLnePicn 
TpaeKTopMM m MO>KeT MMeTb OTJikTHHyio ot flpyrux 
3aAep>KKy. CurHan yAaneHHoro MOAyn^ 
MOAynnpyeTC^ c noMOiAbho ncn. Ha ©asoBoti 
GTaHi^nM TaioKe reHepupyeTC^ Konn?i nilin. Ha 
6a30Bofi CTaHunn, ecnn Kax<AbiM cm man 
MHoronyneBoro pacnpocTpaHeHM^ 6bin 
MOAynnpoBaH MHAHBHAyaJibHO, no^BnaeTC^ 
Heo6xoAMMOCTb cnHxpoHH3ai4MH KOAa ncn c 
Ka>KAbiM curHaxiOM. Ka>KAaa M3 stmx 

CMHXpOHM3MpOBaHHblX Ha 6a30BOM CTaHI4MM 

6yAeT MMeTb 3aAep>KKy no OTHOiueHMio k 
STanoHHOMy HyneBOMy cab wry M3-3a 
BbiLueyKa3aHHOM 3aAep>KKM. no ropM30HTaribHOM 

OCM MO>KeT SblTb OTTIO>KeHO KOJIMHeCTBO 

nceBAOiuyMOBbix srieMeHTOB, Ha KOTopoe 
3aAep>KMBaeTC?i CMHxpoHM3MpoBaHHa?i ncn no 
OTHOiueHMJO k HyneBOMy STanoHHOMy CABMry 

6a30BOM CTaHI4MM. 

Ha cpur. 1 cerMeHT BpeMeHM 10 
npeACTaBnaeT Ha6op noMCKOBoro oma M3 
cabmtob aneMeHTOB nceBAOLuyMOBoro KOAa, 
noAne>KaLHMX o6pa6oTKe. CerMeHT BpeMeHM 10 
pa3AeneH Ha n^Tb pa3nMHHbix rpynn noMCKa, 
TaKMX KaK cerMeHT BpeMeHM 9. Ka>«Aafl rpynna 
noMCKa. b cbok) onepeAb, coctomt M3 p^Aa 
sneMeHTOB, npeACTaBn^KDLAMX A^^CTBMTenbHbie 
cabmtm, ABnfifOLUMecfi o6"beKTOM noMCKa. 
HanpMMep, Ha cpnr.1 Ka>KAan rpynna noMCKa 

COCTOMT M3 8 pa3nMHHblX GneMeHTOB, TaKMX KaK 

8. 

flnfl o6pa6oTKM OAHoro oneMeHTa rpynnbi 
noMCKa 8 Heo6xoAMM Ha6op Bbi6opoK bo 
BpeMeHM c AaHHbiM cabmtom. HanpMMep, Rnn 
o6pa6oTKM sneMeHTa 8 Tpe6yeTC5R c>KaTMe 
Ha6opa BbioopoK npM cab m re 8, MAYLnero Ha3aA 
ot nnocKOCTM CTpaHMU,bi no ocm BpeMeHM. TaioKe 
Heo6xoAMMO c>KaTMe cooTBeTCTBytomeM ncn. 
ncn MoxeT 6biTb onpeAeneHa nyTeM 3anMCM 
BpeMeHM nocTynneHMFi BbiGopoK m CABMra, 
KOTopbiM Heo6xoAMMO o6pa6oTaTb. Tpe6yeMbiM 
cab Mr MO>KeT 6biTb o6"beAMHeH c BpeMeHeM 
npMXOAa An^ onpeAeneHMfi cooTBeTCTByjOLAeM 
ncn, noAne>Kau4eM Koppen^i4MOHHOM o6pa6oTKe 

C npMHMMaeMblMM BblSopKaMM. 

KorAa sneMeHT rpynnbi noMCKa OKMMaeTca, 
BbiGopKM c npMeMHOM aHTeHHbl m ncn 

npMHMM3K)T pjlfl 3H3HeHMM BO BpeMeHM. 
3aMeTMM, HTO Bbl6opKM C npMeMHOM aHTeHHbl 

OAMHaKOBbi Ana Bcex cabmtob, noKa3aHHbix Ha 
cJdmt.1, a nMKM 2-7 noKa3biBaioT b KanecTBe 
npMMepa nMKM MHoronyneBoro 

pacnpocTpaHeHMfl, KOTopbie nocTynaioT 
OAHOBpeMeHHO m pa3nMHafOTCs TonbKO c 
noMOLUbio npou,ecca cxaTMa. 

B npeAnoHTMTenbHOM BapMaHTe, 

onMCbiBaeMOM HM>Ke, Ka>KAbiM aneMeHT rpynnbi 
noMCKa CMemeH bo BpeMeHM OTHOCMTenbHO 
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npeAbiAyu-iero sneivieHTa Ha nonoBMHy sneMeHTa 
nceBfloujyMOBoro KOAa. 3to 03HaHaeT, hto ecnn 
sneMeHT rpynnbi noncKa 8 noABepranca 
KoppenfiL^noHHOM o6pa6oTKe, HaHMHaa c 
noKa3aHHoCi Ha nepTe>Ke nnocKOCTM cpe3a no 
HanpaBneHHK) BnepeA bo BpeMeHM /b nnocKOCTb 
CTpaHULjbi, KaK noKa3aHO Ha nepTe>Ke/, to Torfla 
aneivieHT cneBa ot yKa3aHHoro anewieHTa 8 
6yfleT Mcnonb30BaTb Bbi6opKM, HaHMHaa c 
nonoBMHbi aneivieHTa bo BpeMeHM Ha3aA ot 
noKa3aHHoti nnocKOCTM cpesa. 3to 
npoABM>KeHMe bo BpeMeHM no3BonfleT Ka>KflbiPi 
aneivieHT b o6u\ew rpynne noncKa noABepraTb 
Kopperifii4HOHHOM oo~pao~OTKe c ncnonb30BaHneM 
oahow n tom >Ke ncn. 

Ka>KAoe yflaneHHoe ycTpoPicTBO paAHOCBHSM 
npi/iHMMaoT CMman, nepeAaBaeMbii/i 6a30BoCi 
CTaHi^nePi, c 3aAep>KKOM Ha HeKOTopyio 
BenuMMHy, B03HMKajoLi^yK) n3-3a 3aA©p>KKM npn 
npoxoKfleHMM nepe3 Ha3eMHyio cpeAy. B 
yAaneHHOM ycTpoficTBe paflnocBA3H TaioKe 
reHepupyeTC^ oahh m tot >Ke I m Q kopotkmm 
nceBAOLuyMOBoC^ koa m AHMHHbiM 
nceBAOujyMOBOM koa nonb30BaTen*. YAaneHHoe 
ycTpoticTBO paAnocBfl3M reHepupyeT onopHbie 
cnHxpoHM3Mpyfou4ne curHaribi Ha ocHOBe 
onopHbix CMHxpoHM3npyK)LHMX cwmanoB, 

KOTOpbie OH npMHMMaeT OT 6a30B0M CTaHLJMM. 

YAaneHHoe ycTpoMCTBO paAMOCBS3M ncnonb3yeT 
onopHbifi cnHxpoHM3npyK)LAMM en man B 
KanecTBe BXOAHoro CMmana reHepaTopoB I- n 
Q-nceBAOLuyMOBoro KopoTKoro n AnnHHoro KOAa 
nonb30BaTenfl. MHcjDopMai^noHHbiM CMman, 
npuHMMasMbiti Ha 6"a30B0M CTaHi^nn ot 
yAaneHHoro ycrpoMCTBa paAnocBA3n, 
noABepraeTCfl AByxcTopoHHeM /b npflMOM m 
o6paTHOM HanpaBneHMn/ 3aAep>KKe Ha nyTH 
Me>KAy o"a30BOM CTaHi4nePi v\ yAaneHHbiM 

yCTpOMCTBOM paAMOCBfl3M. 

CneAOBaTeribHO, ecnn cnHxpoHM3ai4Mfl 
nceBAOLuyMOBoro reHepaTopa, Mcnonb3yeMoro b 
npou,ecce noMCKa, noAHMH^eTCfl onopHbiM 
cnHxpoHM3npyhou4MM CMmanaM HyneBoro CABura 
Ha 6a30B0M CTaHL^nn, to BbixoAHoCi curHan 
reHepaTopa oyAeT BcerAa noflBn^TbCfl npe>KAe, 
neM cooTBeTCTByKDi_L|Mi7i curHan 6yAeT npMHaT ot 
yAaneHHoro ycTpowcTBa paAnocBfi3M. 

B cm mane KBaApaTypHOM qba30B0M 
MOAynni^nn co CABuroM /KOMhC/ AaHHbie 
1-KaHana m Q-KaHana CABMHyTbi APyr 
OTHOcnTenbHO Apyra bo BpeMeHM Ha nonoBMHy 
aneivieHTa. CneAOBaTenbHO, OKaTue KOMhC, 
Mcnorib3yeMoe b npeAnoHTMTenbHOM BapMaHTe, 
TpebyeT BbioopKM AaHHbix c abomhom nacTOTOM 
aneivieHTOB. TaioKe npouecc noncKa npoTeKaeT 
onTMManbHO cflaHHbiMn, AHCKpeTM3npyeMbiMH c 
nonoBMHHoPi nacTOTOM oneMeHTOB. Ka>KAbiM 
aneivieHT b rpynne noncKa CABMHyT Ha nonoBMHy 
aneivieHTa ot npeAbiAyLAero aneivieHTa. 
Pa3peujaK)L^a^ cnoco6HOCTb b nonoBMHy 
aneMeHTa rpynnbi noncKa ooecneHMBaeT to, hto 
nuKOBbie curHanbi MHoronyneBoro 

pacnpocTpaHeHMfl He nponycKatoTcn, He GyAynn 
oSHapyxeHHbiivin. no stmm npMHMHaM 6y0ep 
aHTeHHbix BbioopoK 172 Ha dpwr. 5 3anoMHHaeT 
Bbi6paHHbie AaHHbie c yABoeHHOM HacTOTotf 
nceBAOLuyMOBbix aneivieHTOB. 

SKBMBaneHT OAHoro cuMBona Yoniua 
CHHTbiBaeTC?i M3 6yc)3epa aHTeHHbix BbioopoK 
172 AHfl o6pa6oTKM OAHoro sneiweHTa rpynnbi 
noncKa. flna Ka>KAoro nocneAywDLAero sneivieHTa 
M3 6ycf)epa aHTeHHbix Bbi6opoK 172 
CHUTbiBaeTcs 3KBHBaneHT OAHoro cuMBona 
Yonuja, CABUHyToro Ha nonoBMHy 
nceBAOLuyMOBoro aneiweHTa ot npeAbiAyi^ero 
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aneivieHTa. Ka>KAbi£i sneivieHT rpynnbi noncKa 
OKMMaeTCfl c noMOLAbio iov\ >Ke caMOM ncn, 
cHMTbiBaeMOM M3 6ydpepa ncn 176 ycTpowcTBOM 
c>KaTM?i 178 a/ 151 Kax<Aoro aneivieHTa b rpynne 
noncKa. 

Bycpep aHTeHHbix BbiGopoK 172 HMeeT 
eMKOCTb b Asa cm m Bona Yonuja, m b Hero m \A3 
Hero HenpepbiBHO m MHoroKpaTHO npoM3BOAHTC?i 
3anncb m CHMTbiBaHMe Ha npoTn>KeHMM Bcero 
npoi^ecca noncKa. B Ka>KAOM rpynne noncKa 
nepBbiM o6pa6aTbiBaeTCfl aneivieHT, nivieioLAMM 
caMbiM nocneAHMM cabut bo BpeMeHM. CaMbiM 
nocneAHMPi cabmt cooTBeTCTByeT curHany, 
KOTopbiM npMLuen no caMofi atiuhhom 
TpaeKTopMH ot yAaneHHoro ycTpowcTBa 
paAMOCBA3H ao 6a30BoPi CTaHU,nn. MoMem, c 
KOToporo noncKOBoe ycTpoPicTBO HaHMHaeT 
o6pa6aTbiBaTb rpynny noncKa, npnBH3biBaeTCfl k 
rpaHMi^aM cm m Bona Yonuja, OTHOc^Lnerocn k 
aneivieHTy stom rpaHni4bi, MMefomeiviy caMbiM 
nocneAHMM cabmt b rpynne noMCKa. BpeiweHHOM 
CTpo6, Ha3biBaeMbiM rpaHi/iLjeM CABMHyraro 
cm m Bona Yonuja, yKa3biBaeT Ha caMbiM paHHMM 
MOMeHT, KorAa Bee TpeSyeMbie Bbi6opKM 
MMeK^TCfl b 6yc£epe aHTeHHbix Bbi6opoK 172, m 
npoi4ecc noMCKa MOKeT 6biTb HanaT c nepBoro 
aneMeHTa b rpynne noMCKa. 

Pa6oTy 6yqtiepa aHTeHHbix Bbi6opoK 172 
nerKO npoMnniocTpMpoBaTb, ecnM ynecTb ee 
i4MKnMHecKMM xapaKTep. Ha cjDMr. 6 noKa3aHa 
AMarpaMMa pa6oTbi 6yc|Depa aHTeHHbix BbioopoK 
172. Ha cjDMr. 6 OKpy>KHOCTb 400, noKa3aHHaa 
>kmphom nMHMeM, npeACTaBn^eT caM 6yc(Dep 
aHTeHHbix Bbi6opoK 172. Byqbep aHTeHHbix 
Bbi6opoK 172 coAepxMT anetiKM naM5iTM ati?i 
AByx 3HaneHMM A^HHbix cMMBonoB Yoniua. 
YKa3aTenb 3anMCM 406 L^MpKynMpyeT b 6ycf)epe 
aHTeHHbix Bbi6opoK 178 b HanpaBneHMM, 
yKa3aHHOM b peanbHOM BpeMeHM, hto 03HanaeT, 
hto yKa3aTenb 3anMCM 406 noBopannBaeTCfl b 
6ycj3epe aHTeHHbix Bbi6opoK eMKOCTbio ABa 
cm m Bona Yoniua b to BpeM^, KorAa 3KBMBaneHT 
Bbi6opoK AByx CMMBonoB Yonnia nocTynaeT bo 
bxoahom KacKaA noMCKOBoro ycTpoMCTBa 174. 
KorAa BbioopKM 3anMCbiBaioTCfl b oycfep 

aHTeHHblX Bbl6opOK 172 B COOTBeTCTBMM c 

aApecoM aneMKM naM5RTM 3 yKa3biBaeMOM 
yKa3aTeneM 3anMCM 406, paHee 3anMcaHHbie 
AaHHbie nepenMCbiBatoTCfl. B 

npeAnoHTMTenbHOM BapMaHTe 6yqtep aHTeHHbix 
Bbi6opoK 176 coAep>KMT 1024 aHTeHHbix 
Bbi6opKM, nocKonbKy Ka>KAbiM M3 AByx CMMBOnOB 
Yonuja coa©P>kmt 64 aneMeHTa Yonnia, a 
Ka>KAbiM aneMeHT Yoniua coAep>KMT 4 
nceBAOLuyMOBbix aneMeHTa, Ka>KAbiM M3 KOTopbix 
OT6MpaeTC?i ABa>KAbi. 

ripoi^ecc noMCKa Ae-nnTca Ha A^CKpeTHbie 
BpeMeHHbie MHTepBanbi. B npeAnoHTMTenbHOM 
BapMaHTe MHTepBan BpeMeHM paBeH 1\32 
AnMTenbHOCTM cm m Bona Yonuja. Bbi6op 32 
MHTepBanoB BpeMeHM Ha oamh cm m Bon Yonuja 
nonynaeTCfi M3 MMeiomeMC^ TaKTOBOM nacTOTbi m 

KOnMHeCTBa TaKTOBblX I^MKnOB, HeoGXOAHMblX 

Ann BbinonHeHMfl BI~IA. flnsi BbinonHeHMfl 5I~IA 
Ana OAHoro CMMBona Yonuja Tpe6yeTC^ 64 
TaKTOBbix i^MKna. B npeAnoHTMTenbHOM 
BapMaHTe MMeeTCfl TaKTOBbiM reHepaTop, 

pa60TaiOLUMM C BOCbMMKpaTHOM HaCTOTOM 
SneMeHTOB, KOTOpblM 

Heo6xoAMMbiM ypoBeHb 

XapaKTepMCTMK C|DyHKI4MOHMpOBaHMfl . 

BocbMMKpaTHaa nacTOTa nceBAOLuyMOBbix 
aneMeHTOB, yMHO>KeHHa5R Ha Tpe6yeMbie 64 
TaKTOBbix MMnynbca, 3KBMBaneHTHa BpeMeHM , 
KOTopoe yxoAUT Ha npMeM SKBMBaneHTa AByx 
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aneivieHTOB yoniua /AaHHbix/. riocKonbKy b 
Ka>Kflow nonoBUHe 6yo>epa MMeeTCfl 64 
sneMeHTa Yonuja, Ana CHUTbiBaHUfi Bcero 
cuMBona yoriLua Heo6xoflMMO 32 HHTepBana 
BpeMeHM. 

Ha cjDnr. 6 Ha6op KOHU,eHTpMnecKMX flyr BHe 

OKpy>KHOCTM 400, nOKa3aHHOM >KMpHOM JIMHUeCl, 

npeflCTaBJiaeT onepai4Mfo CHUTbiBaHMfi v\ 3anncn 
b 6ya>epe aHTeHHbix BbioopoK 172. flyrn BHyTpn 
OKpy>KHOCTH ncnorib3yK)TCfi Arifl o6n erne huh 
noHUMaHMfl m He cooTBeTCTByioT onepai4MSM 
CHUTbiBaHMfl v\n\A 3anncn. Ka>Kflafl flyra 
npeACTaBJi5qeT onepaijMio CHMTbiBaHMM hjim 
3anncn bo BpeMfi OAHoro MHTepBana BpeMeHM. 
flyra, 6nM>KaMwafl k i^eHTpy o«py>KHOCTM, 
noflBnaeTCfl bo BpeMeHM nepBOM, a Ka>Kflafi 
nocne Ay HDiuafl flyra npeACTaBJiaeT onepai^Mio, 
npoMcxoAflLi^yfo b 6onee i~io3ahhm MHTepBan 
BpeMeHM, KaK noKa3aHO c noMOLi^bK) CTperiKH 
BpeMeHM 414. Ka>KAafl M3 KOHueHTpuHecKMX Ayr 
cooTBeTCTByeT nacTM 6ycf)epa aHTeHHbix 
Bbi6opOK 172, npeACTaBfieHHoro OKpy>KHOCTbfo 
400, KOTopaa noKasaHa >kmphom JinHMeM. Ecjim 
npeACTaBMTb paAnycbi, BbixoA^LUMe M3 LjeHTpa 
OKpyxHOCTM 400, k tohiom no KOHL^M Ka>KAOM 
KOHI4eHTpMHeCKOM Ay™, TO HaCTb OKpy>KHOCTM 

400 Mex<Ay toh KaMM nepeceneHMfi paAnycoB m 
OKpy>KHOCTM 400 6yAeT npeACTaBJiflTb 
AOCTynHbie aneMKM naM^TM. HanpMMep, b 
TeneHMe noKa3aHHOM Ha c|DMrype onepaLjMM Ha 
nepBOM HHTepBane BpeMeHM b 6ycfc>ep aHTeHHbix 
Bbi6opoK 172, npeACTaBneHHbiM AyroM 402A, 
3anMCbiBaeTCfl 16 aHTeHHbix BbiGopoK. 

Ha cJdmt. 6,7 m 8 b KanecTBe npMMepa 
npMH?iTbi cneAyK3Li^Me napaMeTpbi noMCKa Ana 
npoMCKOBoro OKHa: 

LUMpMHa noMCKOBoro OKHa = 24 
nceBAOLuyMOBbix sneMeHTa; 

noMCKOBbiM cab Mr = 24 nceBAOLuyMOBbix 
oneMeHTa; 

KOJiMHecTBO cmmbojiob fliiiR HaKonneHME = 2; 

KonMHecTBO aneMeHTOB Ha OAHy noMCKOByHD 
rpynny = 24. 

Ha cpv\v. 6 TaiOKe npMHATO, hto oycfcep 
aHTeHHbix BbiGopoK 172 npaKTMnecKM coAep>KMT 
3KBMBareHT nonHoro CMMBona yoniua 
AOCTOBepHbix AaHHbix nepeA 3anMCbio, 
noKa3aHHOM AyroM 402A. Bo BpeMfl 
nociieAyKDLL^MX MHTepBanoB BpeMeHM 
npoMcxoAMT 3anMCb, cooTBeTCTByioLuafl Ay re 
402B m nyre 402C. B TeneHMe 32 MHTepBanoB 
BpeMeHM, MMeioLAMXcfl b HariMHMM b TeneHMe 
BpeMeHM, GKBMBarieHTHoro OAHOMy CMMBony 
yoniua, onepai^MM 3anMCM npoAonwafOTCfl ot 
AyrM 402A ao caMOM 6oribLUOM AyrM 402 FF, 
KOTopas He noKa3aHa. 

32 MHTepBana BpeMeHM, npeACTaBneHHbie 
AyraMM c 402A ao 402 FF s cooTBeTCTByiOT 
BpeMeHM, Mcnorib3yeMOMy Ann 3aBepLiieHMfl 
oahom noMCKOBOM rpynnbi. Hcnonb3ya 3aAaHHbie 
BbiLue napaMeTpbi, noMCKOBan rpynna HanMHaeT 
cab Mr Ha 24 nceBAOLuyMOBbix sneMeHTa ot 
STanoHHoro HyneBoro CABMra, mjim "pearibHoro 
BpeMeHM", m coAep>KMT b ceoe 24 sneMeHTa. 
Cabmt Ha 24 nceBAOLuyMOBbix sneMeHTa 
cooTBeTCTByeT noBopoTy Ha 16.875 rpaAyca no 
OKpy>KHOCTM 400 ot Hanana nepBOM 3anMCM, 
noK33aHHOM AyroM 402A /BbNkicnneMOMy nyTeM 
AeneHMfl CABMra Ha 24 nceBAOLuyMOBbix 
aneMeHTa Ha o6m.ee hmcjio sneMeHTOB 256 b 
nonoBMHe oycfcepa aHTeHHbix BbioopoK 172 m 
yMHO>KeHMfi pesyribTaTa Ha 180 rpaAycoB/. 3Ta 
Ayra b 16.875 rpaAyca noKa3aHa b BMAe AyrM 
412. 24 3neMeHTa noMCKOBOM rpynnbi 

COOTBeTCTByJOT CMMTblBaHMflM, nOKa3aHHblM 
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AyraMM 404A-404X, caMan 6onbLuajR M3 KOTopbix 
He noKa3aHa. riepBoe CHMTbiBaHMe, 
cooTBeTCTByiOLi^ee Ayre 404A, HaHMHaeTcn b 
HeKOTopbiM MOMeHT noMCKOBoro CABMra nocne 
3anMCM 3 cooTBeTCTByKDLneM 402C, TaK hto b 
HariMHMM MMeeTCfl Ha6op CMe>KHbix AaHHbix. 
Ka>KAoe nocneAyfOLL^ee CHMTbiBaHMe, HanpMMep 
404B, CMeii^aeTCfl no OTHOiueHMio k 
npeAbiAyLueMy Ha oamh aApec naMATM, 
cooTBeTCTByHDLL^MM 1 12 nceBAOLuyMOBoro 
aneMeHTa bo BpeMeHM. B TeneHMe noKa3aHHOM 
noMCKOBOM rpynnbi CHMTbiBaHMfl npoMcxoAMT no 
HanpaBneHMHD k oonee paHHMM CABMraM, 
noKa3aHHbiM AyraMM 404A-404X, c TeneHMeM 
BpeMeHM npoTMB BpeMeHM npOTMB HaCOBOM 
CTpenKM m b HanpaBneHMM, npoTMBonono>KHOM 
BpameHMio yK33aTena 3anMCM 406. 24 
CHMTbiBaHMe, npeACTaBneHHbie AyraMM 
404A-404X, ooxoaat Ayry, noKa3aHHyio noA 
HOMepoM 418. ripoBeAeHMe CHMTbiBaHMM no 
HanpaBneHMio k 6onee paHHMM Bbi6opKaM MMeeT 
to npeMMymecTBO, hto ooecneHMBaeTca 
HenpepbiBHbiM noMCK BHyTpM noMCKOBoro OKHa 
npM peanM3ai^MM k3>kaom noMCKOBOM rpynnbi. 
3to npeMMymecTBO noApo^HO pacKpbiBaeTCiq 

HM>Ke. 

ripM KaXAOM M3 CHMTbiBaHMM, 

cooTBeTCTByfou^MX AyraM ot 404A ao 404X, Ha 
ycTpoMCTBO OKaTMFi 178 noAaeTCH 3KBMBaneHT 
OAHoro 3HaneHMfl CMMBona yornua /AaHHbix/. 
CneAOBaTenbHO, CHMTbiBaHMe cooTBeTCTByeT 
oxBaTy 180 rpaAycoB Ha OKpy>KHOCTM 400. 
3aMeTMM, hto b noMCKOBOM rpynne, noKa3aHHOM 
Ha cpMr. 6, nocneAHflfl 3anMCb, 
cooTBeTCTByHDU^a^ Ayre 402 FF, m nocneAHee 
CHMTbiBaHMe, cooTBeTCTByioLi^ee Ayre 404X, He 
BKnioHaioT KaKMX-nM6o o6lhmx aApecoB naMATM 
AnjR o6ecneneHMfi CMe>KHbix AOCTOBepHbix 
AaHHbix. OAHaKO mo>kho npeAnono>KMTb, hto 
ecnM AHarpaMMa CHMTbiBaHMM m 3anMceM 
npoAon>Kanacb, to ohm b Ae^oTBMTenbHOCTM 
nepeceKanMCb 6bi, m b 3tmx ycnoBMfix Henb3^ 
6bino 6bi o6ecneHMTb AOCTOBepHbie AaHHbie. 

B 6onbLUMHCTBe cnynaeB nepeAaHM 
CMTHanoB pe3ynbTaT 3KBMBaneHTa aneMeHTa 
AaHHbix noMCKOBOM rpynnbi, nonynaeMbiM b 
TeneHMe BpeMeHHoro 3KBMBaneHTa OAHoro 
cm m Bona yoniua, HeAOCTaToneH atiw 
oSecneneHMfi tohhom MHC^opMai^MM o 
pacnonoKeHMM pa3HeceHHbix CMTHanoB. B stmx 
cnynaax noMCKOBa^ rpynna MO>KeT 6biTb 
MHoroKpaTHO noBTopeHa. Pe3ynbTaTbi An^ 
aneMeHTOB b nocneAyKDLUMX noMCKOBbix rpynnax 
c 06U4MM cabmtom HaKanriMBaioTCfl npoi^eccopoM 
162 pe3ynbTaTOB noMCKa, hto noApoo"HO 
pa3"bficHeHO Aanee. B stom cnynae 3aAaHHbie 
BbiLue napaMeTpbi noMCKa yKasbiBaioT, hto 
KonMHecTBO CMMBonoB Ana HaKonneHM^ Ha 
Ka>KAOM cab m re paBHO AByM. Ha 0Mr. 7 
noKa3aHa noMCKOBa^ rpynna no c|DMr. 6, 
noBTopaeMafl c oahmm m TeM >Ke cabmtom b 
TeneHMe BpeMeHHoro 3KBMBaneHTa 

nocneAy«m,ero CMMBona yonma. 3aMeTMM , hto 
6ycpep aHTeHHbix Bbi6opoK 172 coAep>KMT 
3KBMBaneHT AByx CMMBonoB yoniua, TaK hto 
AaHHbie, Heo6xoAMMbie Ana o6pa6oTKM b 
TeneHMe noMCKOBOM rpynnbi, noKa3aHHOki Ha <$>v\v. 
7, 6binM sanMcaHbi Ana noMCKOBOM rpynnbi, 
noK33aHHOM Ha cjDMr. 6. B 3tom KOHc}DMrypai4MM 
OTCTOflLAMe Apyr ot Apyra Ha 180 rpaAycoB 
aneMKM naMHTM npeACTaBnaioT oamh m tot >Ke 
nceBAomyMOBOM cabmt. 

nocne 3aBepLueHMfl AByx noMCKOBbix rpynn 
no cJdmt. 6 m 7 npoi4ecc noMCKa nepexoAMT k 
cneAytoLiieMy CABMry b noMCKOBOM OKHe. 
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BennHMHa npoABM>KeHMa paBHa LunpuHe 
o6pa6aTbiBaeMOM noncKOBOM rpynnbi v\ b 
flaHHOM cnynae cocTaBnaeT 12 nceBAOiuyMOBbix 
sneMGHTOB. LUnpnHa OKHa onpeAenaeT, CKonbKO 
cabhtob noncKOBbix rpynn HeooxoAMMO Ana 
3aBepi±jeHM5q noncKOBoro OKHa. B a^hhom 
cnyqae Ana nepeKpbiTna noncKOBoro OKHa 
LunpuHOM 24 nceBAOiuyMOBbix aneivieHTa 
HeoGxoAMMO ABa pa3Hbix CABura. Ha cf)nr.8 
ujupnHa OKHa noKa3aHa Ayrotf 412. BTopofi 

CAB MT ATI5R 3TOTO noMCKOBoro OKHa HaHMHaeTC^ 

co CABura, cneAyHDLnero 3a nocneAHMM cabmtom 
npeAbiAyLAefi noMCKOBofi rpynnbi, n 
npoAonxaeTca BOKpyr tohkm HOMMHanbHoro 
HyneBoro CABura, ycTaHaBJiMBaeivioro no 
MecTonono>KeHMK) Havana nepBOM 3anncn, 
yKa3aHHOM AyroPi 430A. 3Aecb MMeeTCfl 24 
sneivieHTa BHyTpw nowcKOBoPi rpynnbi, 
noKa3aHHoPi AyraMM 432A-432X, npuneiw caMaa 
oanbiuaa M3 hux He noKa3aHa. 32 3anncn 
noKa3aHbi AyraMM 430A-430FF. TaKMM o6pa30M, 
nocneAHaa sanncb, noKasaHHaa Ayrofi 430FF, m 
nocneAHee CHHTbiBaHMe, noKa3aHHoe pyvov\ 
432X, rpaHMMaT Apyr c ApyroM b oycjDepe 
aHTeHHbix Bbi6opoK 172. 

noMCKOBaa rpynna, noKa3aHHaa Ha cjDMr. 8, 
noBTopaeTCFi Ha npoTMBononoxHoPi CTopoHe 
Gydpepa aHTeHHbix BbioopoK 172 noHTW TaK >Ke, 
KaK nowcKOBaa rpynna Ha cfrwr. 6 noBTopaeTca 
Ha cjDMr. 7, nocKoribKy napaiweipbi noncKa 
npeAnMCbiBaiOT, HTo6bi Ka>KAbiw cmmboji 
HaKanni/iBanca ABa>KAbi. riocrie 3aBepujeHMa 
BToporo HaKonneHna BTopoCi noncKOBOM rpynnbi 
MHTerpanbHbiw npou,eccop nowcKa 128 totob 
HanaTb paooTy c Apyrnivi noncKOBbiM okhom. 
CneAyiOLAee noMCKOBoe okho mo>kbt nivieTb 
HOBbiM CABnr 3 uni/i MoxeT onpeAen^Tb HOByio 
aHTSHHy , mjim n to n Apyroe. 

Ha c)Dnr. 8 MecTonono>KeHMe rpaHMU,bi Me>KAy 
o6\nacTbK) CHMTbiBaHna m oSjiacTbio 3anncn 
oycjDepa OTMeneHO MeTKQM 436. Ha dpvw. 6 
rpaHMi^a OTMeneHa MeTKOM 410. CwrHan, 
yKa3biBaioLHHM TOHKy bo BpeMeHM, 
cooTBeTCTByHDLL^yio MeTKaM 410 n 436, 
Ha3biBaeTca crpoooM CMeu^eHHoro CMMBona 
Yoniua, KOTopbiPi TaioKe noKa3biBaeT, hto 
noflBMncn GKBUBaneHT HOBoro cuMBona yomua 
Bbi6opoK. KorAa nowcKOBbie rpynnbi BHyTpn OKHa 
npoABuraioTCfl k 6onee paHHUM CABMraM, 
rpaHUL^a Me>KAy oonaoraMM 6yc|Depa Ana 
CHUTbiBaHU^ m Ana 3anncn noBopannBaeTCfl Ha 
mare cjDUKcai^MM npoTUB nacoBOM CTperiKH, KaK 
noKa3aHO Ha cfrMr.8. Ecnn nocne 3aBepujeHMa 
TeKyuj.ero noncKOBoro OKHa TpeoyeTca oonbiuoe 
M3MeHeHne b o6pa6aTbiBaeMOM CABure, to 
CTpoo" CABUHyToro CMMBona Yonuja MO>KeT 6"biTb 
npoABMHyT Ha Gonbiuyio nacTb OKpy>KHOCTH 
i^HKna. 

Our. 9 AaeT rpacjDHMecKoe npeACTaBiieHne 
npoL^ecca noncKa bo BpeMeHM. BpeMfl 
OTo6pa>KaeTCfl b eAMHHi4ax cumbojiob YoriLua no 
ropn30HTanbHOM ocu. AApeca 6y4>epa aHTeHHbix 
Bbi6opoK 172 n aApeca 6ycpepa 176 ncn 
noK33aHbi no BepTWKanbHOM ocu TaioKe b 
eAMHHL4ax CMMBonoB yonuja. nocKoribKy 6ycjDep 
172 aHTeHHbix Bbi6opoK MMeeT eMKOCTb ABa 
CMMBona YojiLua, to aApecanns 6ycjDepa 172 
aHTeHHbix BbioopoK oxBaTbiBaeT rpaHMLibi 
neTHoro cuMBona Yonuja, ho Ha cjDnr.9 atia 
npuMepa noKa3aHbi aApeca nepeA nx CBepTKofi 
oamh noBepx APyroro. BbiSopKM 3anncbiBaioTCfl 
b oycfep 1 72 aHTeHHbix Bbi6opoK no aApecy, 
B3?iTOMy HenocpeACTBeHHO c MOMeHTa, KorAa 
ohh 6binn nonyMeHbi, TaK hto yKa3aTerib 3anncn 
181 b 6ycf)epe 172 aHTeHHbix BbiGopoK 
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npeACTaBrmeT cooom npaiviyio c HaKJioHOM copoK 
n^Tb rpaAycoB. 06pa6aTbiBaeMbiM cabmt 
OTo6pa>KaeTCfi b 6a30BbiCi aApec b 6ycj3epe 1 74 
aHTeHHbix Bbi6opoK A^a Hanana CMHTbiBaHna 
cuMBona yoniua BbiGopoK Ana OAHoro sneivieHTa 
noncKOBoPi rpynnbi. OneMeHTbi noKa3aHbi Ha 
$>v\v. 9 b bhas npaKTunecKM BepTWKanbHbix 
nnHePiHbix cenvieHTOB yKa3aTenei?i CHMTbiBaHun 
192. Ka>KAbiM sneivieHT OTo6pa>KaeTca b cmmboji 
YojiLua no BbicoTe, o6o3HaneHHOM Ha 

BepTHKaJIbHOM OCU, H B 1/32 CMMBOJia YojiLua, 

yKa3aHHoro no ropn30HTanbHOM ocu. 

npoMe>KyTKM no BepTMKann Me>KAy 
aneivieHTaMM noncKOBOM rpynnbi o6ycrioBneHbi 
BXOAHbiM KacKaAOM 122 AewoAynaTopa, 
npepbiBaioLUMM npoi^ecc noncKa, HTo6bi 
ncnonb30BaTb nponeccop BI~IA 120. Bxoahom 
KacKaA 122 AeMOAyJiflTopa cjDyHKi^MOHnpyeT b 
peanbHOM BpeivieHU v\ HMeeT HauBbicLUMM 
npnopnTeT Ha ncnonb30BaHne npoueccopa BnA 
120, bc^kuCi pa3 KorAa oh HMeeT TeKyLU,HM nnn 
onepeAHOM HaSop A^HHbix Ana o6pa6oTKi/i. 
CneAOBaTeribHo, oSbNHo BxoAHOMy KacKaAy 
122 ASMOAynaTopa npeAOCTaBnaeTca 
B03MOKHOCTb Mcnonb30BaHna npoi^eccopa BI~IA 
120 Ha rpaHMi4e Ka>KAoro cuMBona yoniua, 
cooTBeTCTByioLAeM CABMry nceBAOLuyMOBoro 
curHaria, KOTopbiPi AewoAynnpyeTca bxoah bi m 
KacKaAOM 122 A©MOAynaTopa. 

Ha cjDnr. 9 noKa3aHbi Te >Ke caMbie 
noncKOBbie rpynnbi, hto m Ha cjDnr. 6, 7 m 8. 
HanpMMep, nowcKOBaa rpynna 194 HMeeT 24 

3fieiVieHTa, Ka>KAblM M3 KOTOpblX COOTBeTCTByeT 

oahom M3 Ay 404A-404X Ha c|Dnr.6. Ha c)DMr.9 
Ana noncKOBOM rpynnbi 194 yKa3aTenb 410 
noKa3biBaeT CTpo6 CABUHyToro cuMBona YoriLua, 
cooTBeTCTByioL4HL?i aHanornMHOMy yKa3aTejiio Ha 
cJdht. 6. flna CHMTbiBaHMa TeKymux BbiSopoK 
Ka>KAbiM sneivieHT noncKOBOM rpynnbi AonxeH 
HaxoAHTbca HM>Ke yKa3aTena 3anncn 181. 
HaKJioH bhh3 aneivieHTOB BMecTe c noncKOBoti 
rpynnoM yKa3biBaeT marn k 6oriee paHHMM 
Bbi6opKaM. riowcKOBaa rpynna 195 
COOTBeTCTByeT noncKOBOM rpynne, noKa3aHHOM 
Ha cjDnr. 7, a noncKOBaa rpynna 196 
COOTBeTCTByeT noncKOBOM rpynne, noKa3aHHoi?i 
Ha cjDnr. 8. 

B noncKOBOM OKHe, onpeAeneHHOM 
BbiLueyKa3aHHbiMM napaivieTpaMU, onpeAeneHbi 
ToribKO 24 oneivieHTa Ha oflHy nowcKOByio rpynny, 
xoTa A^HHaa noncKOBaa rpynna MMeeT 32 
AOCTynHbix MHTepBana BpeMeHM. Ka>KAbiM 
aneMeHT MoxeT 6biTb oo"paooTaH b TeneHMe 
OAHoro MHTepBana BpeMeHH. OAHaKO 

npaKTMHeCKM HeB03MOKHO yBenMHUTb 

KonnnecTBO aneMeHTOB Ha OAHy noncKOByio 
rpynny ao 32, HTo6bi cornacoBaTb KOJinnecTBo 
KBaHTOB BpeMeHM b TeneHne noncKOBoPi rpynnbi. 
BxoAHoPi KacKaA 122 AeMOAynaTopa ncnorib3yeT 
HeKOTopbie H3 MMeioLAMXca WHTepBanoB 
BpeMeHU npoi4eccopa BriA. HMeeTca TaioKe 
BpeMeHHaa 3aAep>KKa, CBa3aHHaa c 
npoABMxeHweM noncKOBOM rpynnbi, KorAa 
npoi^eAypa CHMTbiBaHna Aon>KHa o>KMAaTb 
ocyiAecTBneHMa onepai4nn 3anncn, HTo6bi 
3anoriHHTb 6yc|Dep AOCTOBepHbiMM AaHHbiMn Ana 
HOBoro CABura. TaioKe Heo6xoA^M HeKOTopbiPi 
3anac Ana cnHxpoHM3ai4MM c HHTepBanoM 
BpeMeHM rpaHMLibi o6pa6oTKM nocne 
o6Hapy>KeHMa CTpo6a CABUHyToro cm m Bona 
Yonuja. Bee stm cfcaKTopbi orpaHMHMBafOT Ha 
npaKTMKe KonMHecTBO aneMeHTOB, KOTopbie 
MoryT 6biTb o6pa6oTaHbi b oahom noMCKOBOM 
rpynne. B HeKOTopbix cnynaax KonMHecTBO 
aneMeHTOB Ha OAHy noncKOByio rpynny MoxeT 
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GbiTb yBennneHO, Hanpniviep, ecnM bxoahom 
KacKaA 122 fleMOflynflTopa MMeeT TOJibKO oamh 
npucBoeHHbiM AeMOflynnpytoLUMM oneMeHT n, 
cneAOBaTeribHO, npepbiBaeT npoijeccop BI~IA 
120 oahh pa3 3a noncKOByjo rpynny. 
CneAOBaTeribHO, b npeAnoHTMTenbHOM 
Bap^aHTe KonnMecTBO aneMeHTOB Ha noMCKOByio 
rpynny perynnpyeTCfi MMKponpoLjeccopoM 
KaHaribHoro oneMeHTa 136. B aribTepHaTMBHbix 
BapnaHTax KonnHecTBO aneMeHTOB Ha OAHy 
noncKOByKD rpynny MO>KeT 6biTb nocTOAHHOM 

CjDUKCHpOBaHHOM BeJIUHMHOM . 

TaioKe MO>KeT MMeTb MecTO 3HaHHTeribHafl 
AonojiHUTeribHafi 3aAep>KKa npn KOMiwyTaunn 
aHTeHH mctohhmkob Ha BXOAe b oyqbep BbiGopoK 
nnn n3MeHeHnn tohkm Hanana noncKOBoro OKHa 
uriM MHTepBana Me>KAy noncKaiwu. Ecnn OAHa 
noncKOBaa rpynna TpeoyeT KOHKpeTHbiM Ha6op 
BbiGopoK, a cneAyfOLnan rpynna atia ApyroPi 
aHTeHHbi TpeoyeT ncnonb30BaHne 

nepeKpbiBafOLnewcfi nacTH 6yc|Depa, to 
cneAyfOLAa^ rpynna Aon>KHa oTcponnTb 
oGpaooTKy, noKa He noflBWTca cneAyKunaa 
rpaHMi^a CABMHyToro cm m Bona Yoniua, c 
MOMeHTa nojRBneHna KOTopotf oyAeT MMeTbcs 
3aKOHHeHHbiPi CMMBon Yoniua BbioopoK Ana 
HOBoro aHTeHHoro mctohhmio. Ha cpur. 9 
noHCKOBaa rpynna 198 oo'pao'aTbiBaeT A^HHbie 
ot APyroM aHTeHHbi, no cpaBHeHMio c aHTeHHOM 
Ana noncKOBOM rpynnbi 197. ropi/i30HTanbHaa 
nkiHMfl 188 yKa3biBaeT oonacTb naMATM, 

COOTBeTCTByiOLAyfO BXOAHbIM Bbi6opKaM HOBOM 

aHTeHHbi. OTMeTMM, hto noMCKOBbie rpynnbi 197 
m 198 He ncnonb3yiOT KaKne-nn6o o6LU,ne 
oonacTM naMHTM. 

flna Ka>KAoro MHTepBana BpeiweHM b Syqbep 
Bbi6opoK Aon>KHbi 3anncbiBaTbCfl Asa sneivieHTa 
YonLua, a M3 oyqbepa Bbi6opoK mojkgt 6biTb 
CHUTaH oamh nonHbiti cuMBon Yonuja. B 
npeAnoHTMTenbHOM BapnaHTe b TeneHMe 
Ka>KAoro MHTepBana BpeivieHM MMeeT MecTO 64 
TaKTOBbix i_|ni<na. nonHbiM aneiweHT Yoniua M3 
Bbi6opoK coAep>KMT neTbipe Haoopa Bbi6opoK: 
TeKymne 1-KaHanbHbie Bbi6op«M, npe>KHne 
1-KaHanbHbie Bbi6opKM, TeKymMe Q-KaHanbHbie 
Bbi6opKH n npe>KHMe Q-KaHanbHbie Bbi6opKH. B 
npeAnoHTMTenbHOM BapnaHTe Ka>KAaa Bbi6opKa 
coctomt M3 neTbipex 6"mt. CneAOBaTenbHO, 3a 
oamh TaKTOBbiM MMnynbc ot oyqbepa aHTeHHbix 
Bbi6opoK 1 72 Tpe6yeTca LuecTbAecnT neTbipe 
6MTa. Hcnonb3yfl OAHonopTOBoe 03Y, caMbiM 
npocTOM BapnaHT 6yqbepa yABanBaeT LunpuHy 
cnoBa ao 1 28 6"mt m pacmennfleT oycfcep Ha ABa 
64-6nTOBbix OTpe3Ka /64-6nTOBoro cnoBa/ b 
BMAe oyqbepoB 168,170 Ana He3aBMCMMoro 
CHMTblBaHMfl/3anMCM HeTHblX M HeneTHbix 

sneivieHTOB Yoniua. 3aTeM 3anncn s 
nocTynaioiuMe b oyqbep c ropa3AQ MeHbLueM 
nacTOTOM, MynbTunneKcupyioTca Me>KAy 
onepai4M?iMM CHMTbiBaHMfl, KOTopbie 
ocymecTBnflioT nepeKnfoneHne Me>KAy AsyMa 
SaHKaMM A^HHbix Ha nocneAOBaTenbHbix 
TaKTOBbix i^MKnax. 

CnnTbiBaHne Bbi6opoK aneMeHTOB Yonuja M3 
neTHbix n HeneTHbix 6ya>epoB 168,170 
sneivieHTOB Yoniua HMeeT npon3BonbHoe 

BbipaBHUBaHUe no OTHOLUeHMK) K C(3M3MHeCKOMy 

BbipaBHUBaHwo cnoBa b 03Y. riosTOMy npn 
nepBOM CHMTbiBaHMM HHTepBana BpeMeHM o6e 

nonOBMHbl CHMTblBatOTCfl B yCTpOMCTBO OKaTMfl 

178, o6pa3y^ okho lumpmhom b Asa sneivieHTa 
Yonuja, M3 KOToporo nonynaeTC?! oahh anewieHT 
Yoniua c BbipaBHMBaHneM no TeKyu^eiviy CABury. 
flna noncKOBbix cabhtob neTHbix 3neMeHTOB 
Yoniua aApec 6ydpepa Ana neTHoro m HeMeTHoro 
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aneivieHTOB Yoniua Ana nepBoro CHMTbiBaHi/ifl 
oamh m tot >Ke. flns CABMroB HeneTHbix 
aneiweHTOB Yoniua neTHbiM aApec ah^ nepBoro 
CHMTbiBaHMM CABMraeTCM Ha eAMHMi^y ot 
HeneTHoro aApeca, o6ecneHMBaM Hanano 
nocneAyiOLnero aneivieHTa Yonma ot HeneTHOM 
nonoBMHbi 6yc|3epa Bbi6opoK. flononHMTenbHbie 
aneivieHTbi Yoniua, HeooxoAMMbie Anfl 
ycTpoMCTBa OKaTMfi 1 78, MoryT 6biTb noAaHbi Ha 
Hero nocpeACTBOM CHMTbiBaHMM M3 OAHoro 
6ycj3epa oneivieHTOB Yonuja. flanee 
nocneAyK)LU,Me CHMTbiBaHMM BcerAa 
o6ecneHMBafOT o^HOBneHHoe okho lumpmhom b 
ABa sneivieHTa Yonuja, M3 KOToporo M3BneKaeTC^ 
aneivieHT Yonuja, BbipoBHeHHbiM c 
o6pa6aTbiBaeMbiM b TeKym,MM MOMem cabhtom. 

CornacHO qbMr. 5, An* Ka>KAoro sneweHTa b 
noMCKOBOM rpynne b npoi^ecce OKaTMfl 
Mcnonb3yeTCfl oamh m tot >Ke CMMBon Yonuja 
ncn M3 6ycjDepa 176 nCIT flna Ka>KAoro 
TaKTOBoro i4MKna b MHTepBane BpeivieHM 
Heo6xoAMMbi neTbipe napbi nceBAomyivioBbix 
BbiGopoK I'-KaHana u Q'-KaHana. ripM 
Mcnonb30BaHMM OAHonopTOBoro 03Y LUMpMHa 
cnoBa yABaMBaeTca m CHMTbiBaeTca M3 
nonoBMHbi 6yo>epa MHoroKpaTHoro. 3aTeM b 
i^MKne, He Mcnonb3yeMOM Ana CHMTbiBaHMfl, 
BbinonH^eTCfi eAMHMHHas 3anMCb b 6ycf)epe 176 
ncn, Tpe6yeMafl Ana OAHoro MHTepBana 
BpeivieHM. 

nocKonbKy npoi4ecc noMCKa MoxeT 
onpeAenMTb noMCK cabmtob nceBAOLuyivioBoro 
CMTHana ao AByx CMMBonoB Yonuja, 
3aAep>KaHHbix OTHOCMTenbHO TeKyLAero 
MOMeHTa, to AonxeH 3anoMMHaTbCM 3KBMBaneHT 
neTbipex CMMBonoB Yonuja l~ICn. B 
npeAnoHTMTenbHOM BapMaHTe 6ycf:ep 176 ncn 
npeACTaBnaeT co6om 03Y eMKOCTbto 128 cnoB 
Ha 16 6mt. TpeSyeTCM neTbipe cm m Bona Yoniua, 
nocKonbKy HananbHbiM cabmt MO>KeT M3MeHflTbca 
Ha 2 cm m Bona Yonuja, m Konb CKopo BbiSpaH 
HananbHbiM cabmt, SKBMBaneHT OAHoro CMMBona 
Yonuja ncn HeoSxoAMM ati^ Koppen^i^MM, hto 
03HanaeT, hto a^^ nponecca cxotma 

Heo6XOAMMO MMeTb 3KBMBaneHT TpeX CMMBOnOB 

Yonuja. nocKonbKy OAHa m Ta >Ke ncn 
Mcnonb3yeTCfl MHoroKpaTHO, AaHHbie b 6yqbepe 
176 ncn He mop/t SbiTb nepenMcaHbi bo BpeMfl 
npoi^ecca OKaTMfl, cooTBeTCTByrau^ero oahom 
noMCKOBOM rpynne. CneAOBaTenbHO, 

Heo6xoAMMO MMeTb 3KBMBaneHT OAHoro 
AononHMTenbHoro CMMBona Yonuja b naM^TM 
AJifl 3anoMMHaHMM AaHHbix ncn npM mx 
reHepai^MM. 

flaHHbie, KOTopbie 3anMCbiBatoTca b 6yc(Dep 
176 ncn m oyqbep 172 aHTeHHbix BbicopoK, 
oSecneHMBaioTCfl BXOAHbIM KacKaAOM 
ycTpoMCTBa noMCKa 174. BnoK-cxeMa BXOAHoro 
KacKaAa ycTpoMCTBa noMCKa 74 noKa3aHa Ha 
cJdmt. 10. Bxoahom KacKaA ycTpoMCTBa noMCKa 
174 BKTHDHaeT b ce6jq reHepaTopbi I m Q-ncn 
202, 206 KopoTKoro KOAa m reHepaTop l~ICn 
nonb30BaTena 204 AnnHHoro KOAa. 3HaneHMfi, 
BbiAaBaeMbie reHepaTopaMM I- m Q-l~ICn 202, 
206 KopoTKoro KOAa m reHepeTop ncn 
nonb30BaTena 204 AnnHHoro KOAa nacTMHHO 
onpeAenaioTca BpeMeHeM cyTOK. Ka>KAafl 
6a30Baa CTaHUMfl MMeeT yHMBepcanbHbiM 
CTaHAapT CMHxpoHM3ai4MM, HanpMMep, GPS 

CMHXpOHM3ai4MIO ATlfl C03AaHMfl 

CMHxpoHM3MpyioLnero CMmana. Ka>KAa^ 6a30Ba^ 
CTaHL|M5q TaioKe nepeAaeT b sqbMp 
CMHxpoHM3MpyHDLAMM CMman Ha yAaneHHbie 
ycTpoMCTBa paAMOCB?i3M. Ha 6a30B0M CTaHi4MM 

OnopHbie CMHXpOHM3MpyK3LL|Me CMTHanbl MMeiOT 
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HyneBon cflBur, nocKoribKy ohm HacTpoeHbi Ha 
onopHbie cnrHaribi BceMMpHoro BpeivieHH. 

BbixoflHOM curHan reHepaTopa ncn 
nonb30BaTeri5q 204 AnnHHoro KO^a 
noflBepraeTCfl nornMecKOM onepai4nn 
"MCKJifOMafou^ee HJ11/1" BiviecTe c BbixoAHbiM 
curHanoM reHeparapoB I- n Q-ncn 202,206 

KOpOTKMX KOflOB C nOMOLU,bK> JIOrHHeCKMX 

aneivieHTOB XOR /"ncKJifOHafou^ee HJIM'7 208 n 
210 cooTBeTCTBeHHO. /TaKOM >Ke npoi^ecc 
ocyLuecTBJifleTcn TaioKe m b yAaneHHOM 
ycTpowcTBe paflnocBfi3M, n BbixoflHow curHan 
ncnojib3yeTCfi Arm Mopynnnww cwmana, 
nepeAaBaeivioro yflaneHHbiM ycTpoMCTBOM 

paAMOCB5q3M/. BblXOflHOM CMTHaJI JIOrMMeCKMX 

aneivieHTOB XOR 208 m 210 3anoMHHaeTCfl b 
nocneAOBaTeribHO-napariJiejibHOM cabhtobom 
perncTpe 212. 

nocjieAOBaTejibHO-napajineribHbiPi CABMroBbiM 
perncTp 212 6ycfcepn3npyeT 

nocneAOBaTeribHOCTM ao ujupuHbi oycjDepa 176 
ncn. 3aTeM BbixoAHOw curHan 
nocneAOBaTejibHO-napanjieribHoro CABuroBoro 
perndpa 212 3anncbiBaeTCfl b oycjDep 176 ncn 
no aApecy, KOTopbiM oepeTCfl c onopHOM 

OTMeTKM BpeMeHU C HyJieBblM CABMTOM. TaKMM 

o6pa30M, bxoahom KacKaA ycTpoficTBa noncKa 
1 74 noAaeT nocneAOBaTenbHbie 

nceBAOLuyMOBbie flaHHbie b tydpep 176 ncn. 

Bxoahom KacKaA ycTpoMCTBa noncKa 174 
noAaeT TaioKe aHTeHHbie BbiSopKM b 6yc)Dep 172 
aHTeHHbix BbioopoK. Bbi6opKM npMeMa 118 

OTO~MpaiOTCfl C OAHOM M3 MHO>KeCTBa aHTeHH 

MyribTunneKCopa 216. OTo6paHHbie Bbi6opKM 
npneivia noAaioTCfl Ha KJifoneByfo cxeiviy c 
cjonKcai^new coctoahmh 218, rfle ohm 
npope>KHBaioTCfl, hto osHanaeT, hto OAHa 
neTBepTb Bbi6opoK OTSnpaeTca Ana 
Mcnorib30BaHHfl b npoLjecce noncKa. BbioopKM 
npneivia 118 Sbinn OTo6paHbi c BocbMMKpaTHOM 
nacTOTOM nceBAOLuyMOBbix aneivieHTOB 
aHanoroBbiM npneivionepeAaTHUKOM 116 /no 
cf)nr.4/. 06pa6oTKa comacHO anropnTMy noncKa 
npeAHa3HaneHa a/ia Bbi6opoK, OT6npaeMbix c 
nonoBUHHOM nacTOToPi nceBAOLuyMOBbix 
aneivieHTOB. CneAOBaTenbHO, b oycjDep 172 
aHTeHHbix BbiSopoK Aon>KHa npoxoAMTb TonbKO 
HGTBepTb npuHniviaeivibix Bbl^OpOK. 

BbixoAHOM curHan KnioneBOM cxeMbi c 
0HKcai4nei?i cocTOHHMfl 218 noAaeTCfl b 
nocneAOBaTenbHO-napanrienbHbiPi CABuroBbiPi 
perncTp 214, KOTopbiM 6ycjDepn3npyeT BbioopKM 
AO LunpMHbi oycfcepa 172 aHTeHHbix BbioopoK. 
3aTeM Bbi6opKH 3anncbiBaioTCfl b oycpepax 
neTHbix n HeneTHbix aneivieHTOB Yonuja 1 68,1 70 
no aApecaM, KOTopbie TaioKe 6epyTC?i c onopHOM 
OTMeTKM BpeivieHM c HyneBbiM cabhtom. TaKMM 

CnOC060M yCTpOMCTBO OKaTMfl 178 MO>KeT 

CMHXpOHH3MpOBaTb AaHHbie aHTeHHbix BbioopoK 

C H3BeCTHblM CAB LI TOM no OTHOLLieHHfO K HOH . 

B cooTBeTCTBkin c cjDnr. 5, b TeneHMe 
Ka>KAoro TaKTOBoro u,HKna b HHTepBane BpeivieHM 
ycTpoficTBO OKaTMfl 178 OTGnpaeT sneivieHT 
Yonwa aHTeHHbix BbioopoK M3 oycfepa 172 
aHTeHHbix Bbi6opoK n cooTBeTCTByioLUMM Haoop 
3HaneHMi?i ncn M3 6yc£epa 176 nCI~l n BbiBOAMT 
I- m Q-KaHanbHbiM aneivieHT Yonuja b npoi^eccop 
BI~IA nepe3 MynbTunneKcop 124. 

Ha dpwvA 1 noKa3aHa noApo6Haa 6noK-cxeivia 
ycTpowcTBa OKaTMfl 178. KmoneBafl cxeivia c 
cjDUKcaunew cocto^hma 220 Ana neTHbix 
aneivieHTOB Yonnia 220 n KnioneBayi cxeMa c 
cf)HKcai_^neM cocT05RHM5q 222 ati?i HeneTHbix 
aneivieHTOB Yonnia cjDMKCupyeT AaHHbie ot 
6ycjDepa 1 68 neTHbix aneivieHTOB Yoniua n 
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6yc|3epa 170 HeneTHbix aneivieHTOB Yonuja 
cooTBeTCTBeHHO. BnoK MyribTunneKcopoB 224 
BbiAenyieT aneivieHT Yoniua BbioopoK, 
noAne>KaLi^nx ncnonb30BaHMio, H3 aKBUBaneHTa 
AByx aneivieHTOB Yoniua Bbi6opoK, 
npeACTaBnfieivibix KnioHeBbiiviM cxeiviaMM c 
c^MKcai^MeCi cocTonHMfl 220 m 222 ati^ neTHbix m 
HeneTHbix aneivieHTOB Yonuja. JlornHecKUM ojiok 
BbiGopa 226 MynbTunneKcopa onpeAenaeT 
rpaHMi^y OTo6paHHoro aneivieHTa Yonuja Ha 
ocHOBe CABura o6pa6aTbiBaeivioro aneivieHTa 
noncKOBOM rpynnw. OneivieHT Yomua BbiBOAHTC^ 
Ha ojiok cxeivi "MCKnioHaioLiJ.ee MJ1H" ycTpoMCTBa 
OKaTMfl /KOMh/ 228 curHana c KBaApaTypHofi 
c|Da30Boi?i MaHnnynfli^nei?!. 

3HaneHH?i ncn M3 6yc|Depa 176 ncn 

CjDMKCMpyiOTCfl KniOHeBOM CXeMOM C CjDUKCai^MeM 

cocTOflHun 234 Arifl ncn. MHoroperncTpoBoe 
L^HKnunecKoe CABuroBoe ycTpoMCTBO 232 
CABuraeT bnxoahom CMman KnioneBOM cxeMbi c 
ct)MKcai4nei?i 234 Ha ocHOBe CABura 
o6pa6aTbiBaeivioro aneivieHTa m noAaeT ncn b 
6noK cxeivi "ncxniOHaiOLAee MJ1M" ycTpoMCTBa 
OKaTna 228 K0MH, rAe ocyLi^ecTBnfieTCfi 
ycnoBHoe MHBepTupoBaHne aHTeHHbix Bbi6opoK 
Ha ocHOBe ncn. 3aTeivi SHaneHun, 
nonynnBLUMecfl nocne onepai^nn "MCKnioHaioLnee 
HJ1M", cyMMnpyiOTCfl nocpeACTBOM AepsBa 
cyMMaTopoB 230, KOTopoe BbinonHneT 
onepai4Mfo cyMMMpoBaHUfl b npoi4ecce OKaTna 
KOMh \a 3aTeM cyMMMpyeT BMecTe neTbipe 
BbixoAa OKaTbix aneivieHTOB, o6pa3ys aneivieHT 
Yonuja Ann BBOfla b npoi^eccop BI~IA 120. 

B cooTBeTCTBMM c cjDnr.5, npoi^eccop BI~IA 
1 20 nonynaeT ot ycTpoMCTBa oxaTMfl 1 78 nepe3 
iviynbTunneKcop 124 64 aneivieHTa Yoniua n, 
Mcnonb3ya 6-CTyneHHaTyio peiueTKy, 
KoppennpyeT 3tm LuecTbAecaT neTbipe BXOAHbie 
BbiGopKM c Ka>KAOM M3 LuecTMAec^TH neTbipex 
cjDyHKi^nti Yonuja b MHTepBane BpeivieHU H3 
LuecTHAecflTM neTbipex TaKTOBbix unKnoB. flna 
onpeAeneHi/ifl cumana Koppenai^nn c 
Han6onbiueCi aHeprnefi ot npoi^eccopa BIHA 120 
MO>KeT 6biTb ncnonbsoBaH A^TeKTop MaKcuiviyivia 
160. BbixoAHOM curHan A^TeKTopa MaKcuiviyivia 
1 60 noAaeTca Ha npoi^eccop pe3ynbTaTOB 
noMCKa 162, flBnaioLL\erocfl nacTbio 
HHTerpanbHoro npoueccopa noncKa 128. 

ripoi^eccop pe3ynbTaTOB noncKa 162 
noAPoGHO npeACTaBneH Ha cJdht. 12. ripoueccop 
162 TaioKe paGoTaeT b pe>KHMe KBaHTOBaHna 
BpeivieHM. flocTynaioLUMM Ha Hero ynpaBnaioLUMM 
curHan noABepraeTca KOHBewepHOki 3aAep>KKe 
Ana cornacoBaHMfi c 3aAep>KKOM b ABa 
HHTepBana BpeivieHM ot Havana BBOAa 
aneivieHTOB Yoniua b npoi4eccop BI~IA 120 ao 
nonyneHM?i BbixoAHoro CMTHana iviaKCMivianbHOM 
aHeprMM. KaK o6-bflCH?inocb Bbiiue, Ha6op 
napaivieTpoB noMCKOBoro oma MO>KeT 
npeAnMCbiBaTb, KaKoe KonMHecTBO 

aKBMBaneHTOB CMMBonoB Yonuja AaHHbix 6bino 
HaKonneHO, npe>KAe neivi 6yAyT o6pa6oTaHbi 
pe3ynbTaTbi BbiGpaHHoro CABMra. ripM 
napaivieTpax, Mcnonb3yeivibix b npMiviepax no 
cJdmt. 6,7,8 m 9, KOnMHeCTBO CMMBonoB Ana 
HaKonneHMfi paBHO 2. ripoi^eccop pe3ynbTaTOB 
noMCKa 162, HapaAy c ApyrMMM cjDyHKi^MflMM, 
BbinonH?ieT cfryHKUMio cyMMMpoBaHMa. 

KorAa npoi4eccop pe3ynbTaTOB noMCKa 162 
cyMMnpyeT nocneAOBaTenbHO nocTynaioLAMe 
CMMBonbi Yonuja, oh Aon>KeH 3anoMMHaTb 
HaKonneHHyio cyivuviy Rnn Ka>KAoro aneivieHTa b 
noMCKOBOM rpynne. 3tm HaKonneHHbie cyiviivibi 
3anoiviMHaioTCfi b 03Y HaKonneHM^ CMMBonoB 
Yonuja 240. Pe3ynbTaTbi no k3>kaom noMCKOBOM 
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rpynne BBOAnTcn b cyMMaTop 242 ot A^KOflepa 
MaKCMMyivia 1 60 Ann Kaxfloro sneMema. 
CyMMaTop 242 cyMMMpyeT cyn\ecTBy\o[i\\A\P\ 
pe3ynbTaT c cooTBeTCTByfOLnMM 

npoMe>KyTOMHbiM 3HaneHMeM, MMeioiuMMcn b 
03Y HaKonneHMfl CMMBonoB Yoniua 240. I~lpn 
HaKonneHUM nocneflHero CMMBona yoniua Ann 
Ka>KAoro anewieHTa noMCKOBOM rpynnbi 
npoMe>KyTOHHbiM pe3ynbTaT CHMTbiBaeTcn W3 
03Y HaKonneHun CMMBonoB Yoniua 240 v\ 
cyMMMpyeTcn c noMom,bio cyMiwaTopa 242 c 
KOHeHHOM 3HeprneM ot 3Toro aneMeHTa Ann 
nonyneHi/in nocneAHero pe3yribTaTa noncKa Ann 
AaHHoro CABura aneMeHTa. 3aTeM pe3ynbTaTbi 
noncKa cpaBHi/iBatoTCfl c HannyMLUMMH 
pe3ynbTaTaMM, nonyneHHbiMM npn noncKe ao 
Toro MOMeHTa, KOTopbiw 6yA©T noncHeH HM>Ke. 

B BbiiueynoMflHyTofi OAHOBpeivieHHO 
paccMaTpuBaeMOM naTeHTHOM 3anBKe CLUA N 
08\ 144902 b npeAnoHTMTenbHOM BapnaHTe 
aneMeHTbi [\eMopynn\\\A\A pacnpeAennioTcn Ha 
ocHOBe nynniMX pe3ynbTaTOB, nonyneHHbix npn 
noncKe. B aqhhom npeAnoHTMTenbHOM BapwaHTe 
b perncTpe nyniuMX pe3yribTaTOB 250 
3anoMHHaeTcn BoceMb nyHWMX pe3ynbTaTOB. /B 
Apyrux BapnaHTax mo>kgt 3anoMMHaTbcn 
MeHbLuee mum Gonbwee KonnnecTBO 
pe3ynbTaTOB/. PerncTp npoMex<yTOHHbix 
pe3ynbTaTOB 164 3anoMMHaeT nuKOBbie 
3HaHeHMfl H MX COOTBeTCTByiOLAMM paHroBbm 

nop^AOK. Ecnw 3Heprnn TeKymero noMCKa 
npeBbiiuaeT no MeHbiueM Mepe oaho M3 
3HaneHMM SHeprMM b perMCTpe npoMex<yTOHHbix 
pe3ynbTaTOB, to norMMecKMM ctiok ynpaBneHMn 
npoi^eccopoM npoMewyTOHHbix pe3ynbTaTOB 254 
0T6pacbiBaeT BocbMOM nyHWMM pe3ynbTaT b 
perMCTpe npoiviex<yTOMHbix pe3ynbTaTOB 164 m 
BCTaBnneT HOBbiw pe3ynbTaT BMecTe c 

COOT BeTCTByiO LAMM paHTOM, CABMTOM 

nceBAOujyMOBoro cwn-iana m aHTeHHOM, 
cooTBeTCTByHDLAeM A^HHOMy pe3ynbTaTy 
aneivieHTa iiomckobom rpynnbi. Bee pe3ynbTaTbi c 
MeHbLUMM paHTOM noHM>KaioTcn Ha oamh paHr. 
Cnei4nanMCTaM M3BecTHO Sonbwoe HMcno 
cnocoooB, oGecneMMBaioLAMX TaKoro poAa 
copTupoBKy. B paMKax oo"-beMa AaHHoro 
M3o6peTeHMn ivio>KeT 6biTb Mcnonb30BaH nfo6oM 

M3 HMX. 

ripoi^eccop pe3ynbTaTOB noMCKa 1 62 MMeeT 
c>MnbTp noKanbHoro nMKa, coAepxamMM b 
ochobhom CBoeM HacTM KOMnapaTop 244 m 
KnhoneByfo cxeMy c cjDMKcau.MeM cocTonHMn 
npeAbiAYLAero 3HaneHMn GHeprMM 246. OMnbTp 
noKanbHoro nMKa, ecnM oh BKntoneH, 3anpemaeT 
o6HOBJieHMe perMCTpa npoMexyTOHHbix 
pe3ynbTaTOB 164, p,awe KorAa 3Hepn/in, 
onpeAeneHHan b pe3ynbTaTe noMCKa, a^st 
npaBO Ha oto, ecnM pe3ynbTaT noMCKa He 
npeACTaBnneT noKanbHbiPi nMK MHoronyneBoro 
pacnpocTpaHeHMn. TaKMM nyTeiw cjDMnbTp 
noKanbHoro nMKa npeAOTBpamaeT bboa 
CMnbHoro, ho "pa3Ma3aHHoro" MHoronyneBoro 
M3nyneHMn b perMCTp npoMe>KyTOHHbix 
pe3ynbTaTOB 164, hto b npoTMBHOM cnynae He 
ocTaBuno 6bi MecTa Ann 6"onee cnao"bix, ho 
OTMeTnMBbix CMTHanoB MHoronyneBoro 
M3nyneHMn, KOTopbie Mor/T 6biTb Gonee 
BepHbiMM Ka h ah AaT a m m Ann ASMOAynnuMM. 

PeanM3ai4Mn cfwnbTpa noKanbHoro nMKa 
AOCTaTOHHO npocTa. 3HaneHne SHeprMM 
cyMMMpoBaHMn npeAbiAyLA^ro aneMeHTa 
noMCKOBOM rpynnbi 3anoMMHaeTcn b KmoneBOM 
cxeiwe c cjDMKcai^MeM cocTonHMn Ann 
npeAbiAymero 3HaHeHnn 3Heprnn 246. 

CyMMa Ann TeKyu^ero aneiweHTa 
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cpaBHMBaeTcn c xpaHnLAMMcn 3HaneHMeM c 
noMOLAbio KOMnapaTopa 244. Bhxoahom CMTHan 
KOMnapaTopa 244 yKa3biBaeT, KaKOM M3 A^yx ero 
bxoahnx CMrHanoB 6onbLLie, m gtot CMTHan 
cjDMKCupyeTcn b norMHecKOM onoKe ynpaBneHMn 
npoi^eccopa pe3ynbTaTOB noMCKa 254. EcnM 
npeAbiAyu^an Bbi6opKa npeACTaBnnna 
noKanbHbiM iviaKCMMyM, to norMHecKMM 6noK 
ynpaBneHMn npoi^eccopa pe3ynbTaTOB noMCKa 
254 cpaBHMBaeT npeAbiAyLAMM pe3ynbTaT 
3HeprMM c AaHHbiMM, xpaHnLAMMMcn b perMCTpe 
npoivie>KyTOHHbix pe3ynbTaTOB 164, KaK 
onMCbiBanocb BbiLue. EcnM cjDMnbTp noKanbHoro 
nMKa BbiKmoneH MMKponpoueccopoM KaHanbHoro 
aneivieHTa 136, to TorAa BcerAa BbinonHneTcn 
cpaBHeHMe c perMCTpoM npoiwie>KyTOMHbix 
pe3ynbTaTOB 164. EcnM nM6o nepBbiM, nM6o 
nocneAHMM aneivieHT noMCKOBOM rpynnbi Ha 
rpaHMi^e noMCKOBoro OKHa MMeeT cnaA, to TorAa 
KntoneBan cxeMa c ct)MKcai4MeM cnaAa 
HacTpaMBaeTcn TaK, HTo6bi KpaMHee 3HaneHMe 
rpaHHL4bi paccMaTpuBaTb KaK nuK. 

npocTOM peanM3ai4MM o>MnbTpa noKanbHbix 
nMKOB cnocoScTByeT npoBeAeHMe CMMTbiBaHMM 
no HanpaBneHMK) k oonee paHHMM CMMBonaM 
BHyTpM noMCKOBOM rpynnbi. KaK noK33aHO Ha 
c|DMr. 6, 7, 8 m 9, BHyTpM noMCKOBOM rpynnbi 
Ka>KAbiM oneMeHT npoABMraeTcn k CMTHanaM, 
nocTynaioLAMM bo BpeMeHM paHbiue. TaKan 
HanpaBneHHOCTb 03HaHaeT, hto BHyTpM 
noMCKOBoro OKHa nocneAHMM aneMeHT 
noMCKOBOM rpynnbi m nepBbiM aneMeHT 
nocneAy^LAeM noncKOBOM rpynnbi nBnnioTcn 
coceAHMMM b cab m re. CneAOBaTenbHO, pa6oTa 
cjDMnbTpa noKanbHoro nMKa He AonxHa 
M3MeHnTbcn, m BbixoAHOM CMman KOMnapaTopa 
244 ocTaeTcn AOCTOBepHbiM npM nepeceneHMM 
rpaHMU noMCKOBOM rpynnbi. 

B KOHi^e o6pa6oTKM noMCKOBoro OKHa 
3HaHeHMn, xpaHniAMecn b perMCTpe 
npoMe>xyTOHHbix pe3ynbTaTOB 164, nepeAaHDTcn 
b perMCTp nyniuMX pe3ynbTaTOB 250, AaHHbie M3 
KOToporo CHMTbiBaioTcn MMKponpoi^eccopoM 
KaHanbHoro oneMeHTa 136. npoi4eccop 
pe3ynbTaTOB noMCKa 162, TaKMM oGpasoM, 
MMeeT 6onbLLiyK0 pa6onyK) Harpy3Ky ot 
MMKponpoi^eccopa KaHanbHoro aneMeHTa 136, 
oo"paooTKy kotopom b CMCTeMe no cpMr. 2 
TpeGyeTcn npoM3BOAHTb He3aBMCMMO no 
pe3ynbTaTy Ka>KAoro oneMeHTa noMCKOBOM 
rpynnbi. 

B npeAbiAyLA^x pa3Aenax ocHOBHoe 
BHMMaHHe yflennnocb Tpaicry o6pa6oTKM AQHHbix 
MHTerpanbHoro noMCKOBoro npoi^eccopa 128 m 
noApo6HOMy onMcaHMio Toro, KaK CTpoHHbie 
aHTeHHbie BbiSopKM 118 npeo6pa3yioTcn b 
MToroBoe onMcaHMe MHoronyneBoro 

pacnpocTpaHeHMn Ha BbixoAe perMCTpa nyniuMX 
pe3ynbTaTOB 250. B nocneAyiOLAMX pa3Aenax 
AeTanbHO onMCbiBaeTcn, KaK ynpaBnneTcn 
Ka>KAbiM aneMeHT b TpaKTe a^hhux o6pa6oTKM 
noMCKa. 

BnoK ynpaBneHMn noMCKOM 166 no cfwr. 5 
AeTanbHO npeACTaBneH Ha c()Mr. 13. KaK 
ynoMMHanocb paHee, MMKponpoi4eccop 
KaHanbHoro aneMeHTa 136 onpeAenneT Ha6op 
napaMeTpoB noMCKa, BKnHDHaraLAMM rpynny 
aHTeHH Ann noMCKa, 3anoMMHaeMbix b oyeftepe 
BbiGopa aHTeHH 348, HananbHbiM cabmt, 
3anoMMHaeMbiM b 6yo>epe noMCKOBoro CABMra 
308, KonnnecTBO aneMeHTOB Ha OAHy noncKOByio 
rpynny, 3anoMMHaeMoe b oyabepe 312 ujMpMHbi 
rpynnbi, LUMpMHy noMCKOBoro OKHa, 
3anoMMHaeMyra b 6ya>epe 314 LUMpMHbi noMCKa, 
KonMHecTBO CMMBonoB Yoniua Ann HaKonneHMn, 
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3anoMHHaeivioe b Sycfcepe 316 HaKonneHun 
CMMBOJioB yojiLua, i/i ynpaBnmomee cjiobo, 
3anoMHHaeMoe b oycjDepe 346 ynpaBnniomero 
cnoBa. 

HaMaribHbM cabht, 3anoMHHaeMbiM b 
6yqbepe 308 noncKOBoro CABi/ira, onpeAenneTcn 
c pa3peLueHneiw b BoceMb aneMeHTOB. 
HanaribHbiM cabut yKa3biBaeT, KaKne BbiGopKH bo 
BxoflHOM KacKafle yorpoPicTBa noncKa 174 
yAannioTcn nocpeflCTBOM npope>KHBaHnn c 
noMOLMbto KTifoneBOM cxeMbi c cjDMKcai^neM 
cocTonHfin 218 Ha cjDnr. 10. BnaroAapn oycpepy 

aHTeHHblX BblOOpOK LUMpHHOM B flBa CHMBOfia 

YojiLua 172 b 3tom BapHame caMoe oonbujoe 
3HaMeHne HananbHoro cflBura cocTaBnneT 
nonoBUHy aneMeHTa nceBAOiuyMOBoro KOfla, hto 
MeHbLue Asyx noriHbix cmmbojiob yoniua. 

flo 3Toro MOMeHTa 6bina pacKpbiTa 6a30Ban 
KOHa>nrypai_jnn Ann BbinonHeHHn nowcKa. B 

AeMCTBMTeJlbHOCTH HMeeTCfl HeCKOJIbKO BMflOB 

sapaHee onpeflerieHHbix noncKOB. KorAa 
yAaneHHoe ycTpoficTBO paAM0CBfl3H M3HaHanbHO 
nbiTaeTCfl nonynwTb AOCTyn b cudeMy, oho 
nocbinaeT curHan paAMOManKa, Ha3biBaeMbM 
npeaMoynofi, c ncnonb30BaHneM HyneBoro 
CMMBona yoniua. HyneBofi cmmboji yoniua - sto 
cmmboji yojiLua, coAsp>Ka ll\m m Bee nornMecKne 
Hyjin BMecTO eAMHMi^ h Hynefi, KaK 6bino 
onucaHO Bbiiue. I~lpw BbinonHeHHn noncKa 
npeaMoynbi ycTpoficTBO noncKa \Aii\ei 
yAaneHHoe MOAynb, nocbinaioLAMM cwrHan 
paAMOMaflKa c HyneBbiM cmmboji yojiLua no 
KaHany AOCTyna. Pe3ynbTaTOM noncKa npn 
noncKe npeaMoynbi nBnneTcn 3Heprwn Ann 
HyneBoro cum Bona yonuja. KorAa BbinonHneTcn 
noncK KaHana AOCTyna b pe>KMMe 3axBaTa, 
AeTeicrop MaKCMMyMa 160 BbiBOAUT aHeprmo Ana 
HyneBoro cwMBona yoniua H©3aBHCMMO ot 
BbmBneHHOM MaKCHManbHOM BbixoAHOM SHeprnn. 
ynpaBnmom,ee cnoBO, xpaHnm,eecn b oyqbepe 
346 yn pa Bnn torero cnoBa, BKnionaeT b ce6n 
6ht npeaMoynbi, KOTopbifi yKasbiBaeT, KorAa 
BbinonHneTcn no mck npeaMoynbi. 

KaK oCrbncHnnocb Bbiwe, cucTeMa 
ynpaBneHMn Mom,HOCTbio cornacHO 
npeAnoHTMTenbHOMy BapnaHTy H3MepneT 
ypoBeHb curHana, nonynaeMoro ot Ka>KAoro 
yAaneHHoro ycTpowcTBa paAnocB?i3M m 
cf)opMnpyeT KOMaHAy ynpaBneHkin Mom,HOCTbio, 
npeAnncbiBafOLAyio yAaneHHOMy ycTpowcTBy 

paAHOCB5q3M nOBblCHTb MnH nOHH3MTb MOLAHOCTb 

nepeAanw AaHHoro yAaneHHoro ycTpoficTBa 
paAMOCB^3M. CucTeMa ynpaBneHtin Mom,HOCTbfo 
pa6oTaeT c ncnonb30BaHneM CMMBonoB yoniua, 
Ha3biBaeMOM rpynnofi ynpaBneHkin MOLU,HOCTbio, 
bo BpeMfl pa6oTbi KaHana Tpao>HKa. 
/ ct'yHKi^noHnpoBaHMS KaHana TpacjDWKa cneAyeT 
3a paooTow KaHana AOCTyna m noApa3yMeBaeT 
pa6oTy bo BpeMn aKTHBHoro Bbi30Ba/. Bee 
cuMBonbi yonuja BHyTpn oahom rpynnbi 
ynpaBneHHn MOLAHOcTbio nepeAaioTcn c 
ncnonb30BaHneM oahom h tom xe KOMaHAbi 
ynpaBneHna MOLUHOCTbio b yAaneHHOM 

yCTpOMCTBe paAHOCBfl3M. 

Bbiuje TaioKe roBopunocb, hto b 
npeAnoHTMTenbHOM BapnaHTe ocyLU,ecTBneHHH 
HacTOflm,ero M3o0peTeHna CHrHan, 
nepeAaBaeMbiM yAaneHHbiM ycTpoPicTBOM 

paAMOCB33M, HMeeT M3MeHfleMyKD CKOpOCTb 

/nepeAann AaHHbix/ bo BpeMfl paooTbi KaHana 
TpacjDMKa. Bo BpeMfl npoijecca noncKa CKopocTb, 
ncnonb3yeMajq yAaneHHbiM ycrpoMCTBOM 
paAMOCB^3M An^ nepeAann AaHHbix, Ha 6a30BoCi 
CTaHi4MM He M3BecTHa. npn HaKonneHMH 
nocneAOBaTenbHbix CMMBonoB oneHb Ba^HO, 
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HTo6bi nepeAaTHHK bo BpeMfl HaKonneHUfl He 
BbiKnioHancfl. riocneAOBaTenbHbie CMMBonbi 
yonuja b rpynne ynpaBneHH?i MOLi^HOCTbho 
nponycKaioTCiR KaK rpynna, hto 03HanaeT, hto 6 
cuMBonoB yoniua, cocTaBn^ioLJ4Me rpynny 
ynpaBneHMfl Moi^HOCTbio, b npeAnoHTMTenbHOM 
BapnaHTe, nn6o Bee nponycKajoTca, nw6o Bee He 
nponycKaioTCfl. 

TaKMM o6pa30M, ecnn napaMeTp noncKa 
npeAnwcbiBaeT, hto MHO>KecTBO cuMBonoB 
yonuja Aon>KHO 6biTb HaKonneHO bo BpeMfl 
pa6oTbi KaHana TpacjDMKa, to npou,ecc noncKa 
Aon>KeH BbipaBHUBaTb Ka>KAyHD noncKOByio 
rpynny, HTo6"bi HannHaTb n 3aKOHHMTb ero b 
paMKax oahoPi rpynnbi ynpaBneHMjq Mom,HOCTbio. 
ynpaBn5q iom.ee cnoBO, 3anoMHHaeMoe b 6yqbepe 
346 ynpaBnaioLnero cnoBa, BKntonaeT b ce6^ 
6mt BbipaBHMBaHMfl rpynnbi ynpaBneHna 

MOLAHOCTbtO. C nOMOLU,blO 6HTa BbipaBHMBaHMfl 

rpynnbi ynpaBneHMfl MOLAHOCTbto, 
ycTaHOBneHHoro b eAHHMi4y, hto yKasbiBaeT Ha 
noncK KaHana TpacjDkiKa, npoAecc noncKa 
cnHxpoHH3npyeT no rpaHnue cneAyiomePi 
rpynnbi ynpaBneHkia MOL^HOCTbio BMecTO 
rpaHMi^bi cneAyioLi^ero CABUHyToro cuMBona 
yonuja. 

ynpaBnaioLAee cnoBO, 3anoMMHaeMoe b 
Sycpepe 346 ynpaBnflK)m,ero cnoBa, TaioKe 
BKnionaeT b ce6^ 6mt BKntoneHMfi qbunbTpa 
o6Hapy>KeHMfl nuKa, ynoMUHaeMoro paHee b 

CB5R3M C CjDMr. 8. 

ycTpowcTBO noMCKa paGoTaeT nw6o b 
HenpepbiBHOM pe>KMMe, nn6o b OAHOiuaroBOM 

pe>KHMe B COOTBeTCTBMH C yCTaHOBKOW 6nTa 

"HenpepbiBHbiM /oAHOiuaroBbiM" ynpaBnahOLnero 
cnoBa. B OAHOiuaroBOM pe>KHMe nocne 
BbinonHeHMn noncKa HHTerpanbHbiM noncKOBbiM 
npoueccop 128 B03Bpau4aeTCfi b cocTOAHne 

0>KMAaHHfl ASl-nbHeMLJJMX MHCTpyKI4Htl. B 

HenpepbiBHOM pe>KMMe MHTerpanbHbiw 
noncKOBbiw npoi4eccop 128 nocTOAHHO 
ocyLAecTBnfieT noncK, n b MOMeHT, KorAa b 
MUKponpoi^eccop KaHanbHoro aneMeHTa 136 
nocTynaeT curHan o tom, hto nonyneHbi 
pe3ynbTaTbi, MHTerpanbHbiM noncKOBbiM 
npoi^eccop 128 HannHaeT cneAyK)m,MM noncK. 

BnoK ynpaBneHUfl noncKOM 166 cj^opMnpyeT 
cumanbi cnHxpoHMsai^nn, ncnonb3yeMbie Ann 
ynpaBneHun npoi^eccoM noncKa, KOTopbiM 
BbinonHneTcn HHTerpanbHbiM noncKOBbiM 
npoi4eccopoM 128. BnoK ynpaBneHun noncKOM 
166 nocbinaeT onopHbie CMHxpocurHanbi c 
HyneBbiM cabhtom b reHepaTopbi I- m Q-ncn 
202, 206 KopoTKMX koaob \a reHepaTop ncn 
nonb30BaTenn 204 A/iUHHoro KOAa n cuman 
BKnioHeHna Ha KmoneByio cxeMy c cfci/iKcaL^eM 
cocTOflHun pa3pa>KeHnn 218 n curHan BbiGopa b 
MynbTunneKcop 216 bo bxoahom KacKaAe 
ycTpoPicTBa noncKa 174. Oh o6ecnennBaeT 
aApeca CHUTbiBaHun n 3anncn Ann 6yc)Depa 176 
ncn n 6yc|DepoB neTHbix m HeneTHbix aneMeHTOB 
yoniua 168 n 170. Oh BbiAaeT TeKymn^ cabmt 
Ann ynpaBneHwn pa6oTOM ycTpowcTBa OKaTun 
178. Oh ooecneHMBaeT onopHyio 
cnHxpoHH3ai4Mio BHyTpn HHTepBana BpeMeHM 
Ann npoi^eccopa EI~IA 120 v\ onpeAenneT, 
ncnonb3yeT nn npoi^ecc noncKa nnn npou,ecc 
AeMOAynni4MM npoueccop BI1A 1 20, nyTeM 
ynpaBneHun MynbTunneKcopoM 124 c bxoaom 
BI1A. Oh oGecnennBaeT HecKonbKO Be pen m 

KOHKpeTHblX BHyTpeHHMX CMHXpOHM3MpyKDLAMX 

CTpo6oB c KOHBewepHoCi 3aAep>KKOM Ann 
nornnecKoro 6noKa ynpaBneHun npoi^eccopa 
pe3ynbTaTOB noncKa 254 no cJdht. 12, pa3peujan 
eMy npocyMMnpoBaTb pe3ynbTaTbi cabhtob Ann 
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onpefleneHHoro nucna HaKonneHHbix cumbojiob 
yoriLua. EnoK ynpaBneHMa noncKOM 166 
o6ecneHMBaeT perncTp nyniuMX pe3ynbTaTOB 
250 KOHBewepHbiM cabhtom m MHQbopMaL^eM 

aHTeHH, COOTBeTCTByHDU^HX 3anOMHeHHblM 

3Ha4eHHflM HaKonneHHOM 3Heprnn. 

ComacHO cpMr. 13, oner-inK cucTeMHoro 
BpeMeHM 342 CMHxpoHM3MpyeTca no onopHoiwy 
CMHxpocurHany c HyneBbiM cflBuroM. B 
npeAnoHTMTeribHOM BapnaHTe, KaK 6bino 
noAPo6HO onucaHO paHee, CMCTeMHbiM TaKTOBbiM 
reHepaTop pa6oTaeT c BOCbMUKpaTHOH nacTOTOM 
aneivieHTOB nceBAOLuyMOBoro KOAa. HMeeTca 
256 nceBAOLuyMOBbix aneivieHTOB b cuMBone 
yoniua m 6 cumbojiob yoniua b rpynne 
ynpaBneHMa Mom,HOCTbio, Bcero Ana 
6x256x8=12288 CMCTeMHbix TaKTOBbix 
MMnyribcoB Ha OAHy rpynny ynpaBneHMa 

MOLUHOCTbHD. 

TaKMM o6pa30M b npeAnoHTMTenbHOM 
BapnaHTe cneTHHK cucieMHoro BpeMeHM 342 
coAep>KHT HeTbipHaAi^aTuSnTHbiCi cneTHMK, 

KOTOpbIM OTCHMTblBaeT 12288 CUCTeMHblX 

TaKTOBbix MMnynbcoB. BxoAHaa onopHaa 
CMHxpoHM3ai4na Ana reHepaTopoB I- m Q-I~icn 
202, 206 kopotkmx koaob n reHepaTopa l~ICn 
nonb30BaTena 204 AnMHHoro KOAa no qbMr.10 bo 
bxoahom KacKaAe ycTpoMCTBa noncKa 174 
oepeTca ot CMST^HKa cucieMHoro BpeMeHM 342. 
/BbixoAHOM curHan reHepaTopa ncn 
nonb30BaTena 204 AnMHHbix koaob Taioxe 
qbopMMpyeTca Ha ocHOBe 6onee AnMHHbix 
cucTeMHbix onopHbix cnHxpocurHanoB, KOTopbie 
He noBTopaioTca npniwepHO b TeneHne 50 py\ev\. 
Bonee AJiMHHbiM onopHbiM CMman He 
ynpaBnaeTca co CTopoHbi npoi^ecca noncKa n 
AeMCTByeT KaK 3apaHee ycTaHOBneHHoe 
3HaneHMe. ripoAonweHMe qbyHKUMOHMpoBaHMa c 
Mcnorib30BaHneM 3apaHee ycTaHOBiieHHoro 
3HaneHMfl ynpaBnaeTca cneTHMKOM cucTeMHoro 
BpeivieHM 342/. AApeca Ana oyqbepa 1 76 l~ICn v\ 
oyqbepoB 1 68 n 1 70 neTHbix m HeneTHbix 
sneivieHTOB yoniua 6~epyTca ot cneTHMKa 
cucTeMHoro BpeMeHM 342. CneTHHK cucTeMHoro 
BpeivieHM 342 qtiMKCMpyeTca KmoMeBOM" cxeMOM" 
328 b Hanarie Kax<Aoro MHTepBana BpeivieHM. 
BbixoAHOM cm man Kmo^eBOM cxeMbi c 
cf)MKcai_\MeM 328 OT6MpaeTca nepe3 aApecHbie 
MynbTunneKCopbi 330,332 m 334, KOTopbie 
o6ecneHMBaioT aApeca sanncM, 

cooTBeTCTByiou^Me TeKymeiviy MHTepBany 
BpeivieHM, KorAa b 3tm oyqbepbi ocymecTBnaeTca 
3anncb b HeKOTopbiM 6onee no3AHWM MoivieHT 
BHyTpn MHTepBana BpeivieHM. 

HaKonMTenb cflBMra 310 OTcne>KMBaeT cabmt 
oo"pa6aTbiBaeivioro b AaHHbiM MOMeHT aneivieHTa 
noMCKOBOM rpynnbi. HananbHbiM cabmt, 
xpaHamMMca b 6yc)Depe noMCKOBoro CABMra 308, 
3arpyxaeTCfl b HaKonMTenb CABMra 310 npM 
Hanane Ka>KAoro noMCKOBoro OKHa. 

HaKonMTenb CABura 310 yMeHbiuaeT CBoe 
3HaneHMe c Ka>KAbiM aneMeHTOM noMCKOBOM 
rpynnbi. B KOHije k3>kaom noMCKOBOM rpynnbi, 
HTo6bi mo>kho 6bino noBTopMTb 3Ty onepaL^Mto 
Ana AanbHeMLUMX HaKonneHMM, KonnnecTBO 
aneivieHTOB Ha OAHy noncKOByfo rpynny, 
xpaHau^eeca b 6ycpepe 312 LUMpuHbi rpynnbi, 
BbNMTaeTca M3 HaKonMTena CABMra, HTo6bi 
npMBA3aTb ero CHOBa k nepBOMy CABury b 
noMCKOBOM rpynne. TaKMM cnocoooM npoi4ecc 
noMCKa CHOBa ocymecTBnaeT pa3BepTKy 
noMCKOBOM rpynnbi Ana HaKonneHMa APyroro 
cm m Bona yonma. EcnM npoi^ecc noMCKa 
ocyLAecTBMn pa3BepTKy Ana TeKymeM noMCKOBOM 
rpynnbi npM HaKonneHMM nocneAHero cm m Bona 
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yonuja, to HaKonMTenb CABMra 310 yMeHbiuaeT 
CBoe 3HaneHMe Ha eAM h m i4y nyTeM Bbi6opa 
BXOAa "-1" MynbTMnneKCopa 304 noBTopHOM 
noMCKOBOM rpynnbi, KOTopbiM ocymecTBnaeT 
cab Mr nepBoro 3-neMeHTa b cneAyioLneM 
noMCKOBOM rpynne. 

BbixoAHOM CMTHan HaKonMTena CABMra 310 
BcerAa npeACTaBnaeT cab Mr o6pa6aTbiBaeMoro 
b AaHHbiM MOMeHT aneMeHTa m noaTOMy 
Mcnonb3yeTca Ana ynpaBneHMa bboaom AaHHbix 

B yCTpOMCTBO C>K3TMa 178. BblXOAHOM CMTHan 

HaKonMTena CABMra 310 cyMMMpyeTca 
cyMMaTopaMM 336 m 338 c BbixoAHbiM cumajiOM 
BHyTpeHHeM CMHxpoHM3ai4MM /no MHTepBanaM 
speMeHM/ ot cneTHMKa CMCTeMHoro BpeMeHM 342 
Ana reHepMpoBaHMa nocneAOBaTenbHOCTM 
aApecoB BHyTpM MHTepBana BpeMeHM, 
cooTBeTCTByfOLi^ero aneMeHTy noMCKOBOM 
rpynnbi. Bhxoa cyMMaTopoB 336 m 338 
OT6MpaeTca nepe3 MynbTMnneKcopbi 330 m 332 
aApecoB Ana noAaHM Ha 6y4>ep aHTeHHbix 
Bbi6opoK 172 aApecoB CHMTbiBaHM^. 

Bnxoahom CMrHan HaKonMTena CABMra 310 
TaioKe cpaBHMBaeTca KOMnapaTopoM 326 c 

BblXOAHbIM CMTHanOM CHeTMMKa CMCTeMHoro 
BpeMeHM 342 Ana cjDopMMpoBaHMa CTpo6a 
CABMHyToro cm m Bona yonuja, KOTopbiM 
yKa3biBaeT, hto 6ycjDep 172 aHTeHHbix BbioopoK 
MMeeT AQCTaTOMHO npaBMnbHbix AaHHbix Ana 
Hanana npoi4ecca noMCKa. 

CneTHMK noMCKOBOM rpynnbi 320 
OTcne>KM BaeT KonMHecTBO aneMeHTOB, KOTopoe 
ocTanocb o6pa6oTaTb b TeKym,eM noMCKOBOM 
rpynne. C^eT^MK noMCKOBOM rpynnbi 320 
3arpy>KaeTca no LUMpMHe noMCKOBoro OKHa, 
sanMcaHHOM b 6ycf)ep 314 lUMpMHbi noMCKa b 
Hanane noMCKOBoro OKHa. Cmcthmk noMCKOBOM 
rpynnbi 320 yBenM^MBaeT CBoe 3HaneHMe, nocne 
Toro KaK saBepujMTca npoi^ecc HaKonneHMa 
nocneAHero cm m Bona yoniua k3>kaom noMCKOBOM 
rpynnbi. KorAa 6yAeT AOCTMTHyTO KOHeHHoe 
3HaHeHMe cneTHMKa, gto 3HaHMT, mto Bee 
cabmtm b noMCKOBOM OKHe o6pa6oTaHbi. flna 
oSecne^eHMa MHAMKai4MM o tom, mto 6nM30K 
KOHei^ TeKyu^ero noMCKOBoro OKHa BbixoAHOM 
CMrHan cneTHMKa noMCKOBOM rpynnbi 320 
cyMMMpyeTca c noMombio cyMMarapa 324 c 
BbixoAHbiM CMTHanoM 6yqbepa 312 UMpMHbi 
noMCKOBOM rpynnbi. MHAMKai^Ma OKOHHaHMa 
noMCKOBoro OKHa noKa3biBaeT BpeMa, c KOToporo 
6yc|Dep 172 aHTeHHbix Bbi6opoK MO>KeT HanaTb 
3anonHaTbca Bbi6opKaMM AaHHbix ot ApyroM 
aHTeHHbi npM noAroTOBKe k cneAyKDu^eMy 
noMCKOBOMy OKHy 6e3 noTepM coAep>KMMoro, 
HeoBxoAMMoro Ana TeKyu^ero noMCKOBoro OKHa. 

KorAa MMKponpoi4eccop KaHanbHoro 
aneMeHTa 136 3aAaeT napaMeTpbi noMCKOBoro 

OKHa, OH MOXeT yCTaHOBMTb, HTO nOMCKOBOe 

okho oyAeT BbinonHaTbca Ana MHO>KecTBa 
aHTeHH. B TaKOM cnynae MAeHTMHHbie 
napaMeTpbi noMCKOBoro OKHa noBTopaKDTca c 
Mcnonb30BaHMeM BbioopoK ot paAa aHTeHH. 
TaKaa rpynna noMCKOBbix okoh Ha3biBaeTca 
Ha6opoM aHTeHHbix noMCKOB. EcnM Ha6op 
aHTeHHbix noMCKOB onpeAenaeTca 
MMKponpoi^eccopoM KaHanbHoro sneMeHTa 136, 
to 3TOT aHTeHHbiM Ha6op nporpaMMMpyeTca c 
noMOLAbio 3HaneHMa, 3anMcaHHoro b SycjDepe 
BbiGopa aHTeHHbi 348. nocne 3aBepujeHMa 
HaSopa aHTeHHbix noMCKOB MMKponpoi4eccop 
KaHanbHoro aneMeHTa 136 npMBOAMTca b 

COCTOflHMe TOTOBHOCTM. 

CneTHMK sneMeHTOB 318 noMCKOBOM rpynnbi 
coAep>KMT KonMMecTBO sneMeHTOB, ocTaBLUMxea 
Ana o6pa6oTKM b TeKym,eM noMCKOBOM rpynne. 
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3HaHeHne cneTHMKa sneMeHTOB B03pacTaeT Ha 
eflMHHi4y c Ka>KAbiM o6pa6oTaHHbiM sneMeHTOM, 

M 3TOT CHeTHWK 3arpy>KaeTCfl BblXOAH bIM 

curHanoM 6ya>epa 312 lunpuHbi noMCKOBOM 
rpynnbi, Korfla npoi4ecc noncKa HaxoflMTC^ b 
coctohhmm o>KMflaHMfl HUM npM 3aBepLueHMM 
noHCKOBofi rpynnbi. 

Chgthhk HaKonneHMfl cumbojiob yonuja 322 
noflCHMTbiBaeT KOJinnecTBO cmmbojiob YoriLua, 
ocTaBLLinxcfi atis HaKonneHna b TeneHMe 
TeKyLMew noMCKOBOM rpynnbi. 3tot chsthmk 
3arpy>KaeTca KonwHecTBOM cumbojiob YoriLua 
Arm HaKonneHUfl, KOTopoe xpaHMTca b oycjDepe 
316 HaKonneHM^ cmmbojiob yonuja, KorAa 
npou,ecc noncKa HaxoflHTcn b coctoahmm 
o>KMAaHH?i nnn nocne 3aBepi_LieHMfl pa3BepTKi/i 
noncKOBOM rpynnbi npn HaKonneHUM nocneAHero 
CMMBona yonuja. B npoTHBHOM cnynae cneTHMK 
npn 3aBepujeHnn Ka>KAOM noncKOBOM rpynnbi 
yMeHbLuaeT CBoe 3HaHeHne. 

CneTHHK AOCTOBepHOCTH BBOAa 302 
3arpy>KaeTC?i bcakhm pas, KorAa M3MeHaeTCfl 
BXOAHaa aHTeHHa nnn HacTpofiKa cjDMJibTpa 
npope>KMBaHHfl. Oh 3arpy>KaeTca MMHMManbHbiM 
MucnoM Bbi6opoK, TpecyeMbiM b npou,ecce 
noncKa Arm ocpaooTKM noMCKOBOM rpynnbi, Ha 
ocHOBe BbixoAHoro curHana 6yqbepa 312 
LunpuHbi noncKOBoPi rpynnbi /to ecTb OAHoro 
cuMBona yonuja nnioc SKBMBaneHT LunpuHbi 
oahom noncKOBOM rpynnbi BbioopoK/. Ka>KAbiM 
pa3, KorAa b cycjDep 172 aHTeHHbix Bbi6opoK 
3anMCbiBaeTCfl aHTeHHafl BbiSopKa, 3HaneHMe 

CHeTHMKa flOCTOBepHOCTM BBOfla 302 B03pacTaeT 

Ha eAMHUi^y. KorAa chsthmk AOCTuraeT 
kohshhoto 3HaHeHH5R, oh nocbinaeT CMrHan 
BKnioHeHMfl, pa3peiuaioLL\MM Hanano npou,ecca 
noi/icKa. Chgthmk AOCTOBepHOCTH BBOAa 302 
TaioKe ooecneHMBaeT MexaHM3M noAaepxaHMfl 
npou,ecca noncKa, KorAa cabmth nocneAytoiAMX 
noncKOBbix okoh He no3BOJiflioT o6ecnennTb 
HenpepbiBHyio o6pa6o~n<y flaHHbix. 

npou,ecc noncKa MoxeT HaxoAMTbca nn6o b 
coctoahmm OKMAaHU^, nn6o CMHxpoHnsai^nn, 
nuGo b aKTHBHOM coctoahmm. Bjiok ynpaBneHMfl 
ynopfiAOMeHneM noncKa 350 noAAep>KHBaeT 
TeKyu_i.ee cocTOAHne. MHTerpanbHbiM noncKOBbiPi 
npou,eccop 128 McnonbsyeT cocToaHMe 
o>KMAaHMfl, KorAa Ha MOAeM KaHaribHoro 
oneivieHTa 110 noAaeTCfl CMman cSpoca. Bo 

BpeMfl COCTOflHMfl 0>KHAaHM51 BCe CHeTHUKM v\ 

HaKonnTenn b onoKe ynpaBneHna noncKOM 166 
3arpy>KaHDTC5q cooTBeTCTByjomnMH napaiweTpaMU 
noncKa, KaK 6bino onucaHO Bbiuje. KaK TonbKO 
MMKponpoi^eccop KaHaribHoro aneMeHTa 136 c 
noMom.bio ynpaBJiaioLiJ.ero onoBa AaeT KOMaHAbi 
npou,eccy noncKa HannHaTb HenpepbiBHbiPi nnn 
oAHOLuaroBbiPi noncK, MHTerpanbHbiM" noMCKOBbiM 
npou,eccop 128 nepexoAUT b cocTOAHne 

CMHXpOHM3aL4MM. 

B coctoahmm cnHxpoHH3au,nn npoi4ecc 
noncKa BcerAa owi\Ap,aeT rpaHMU,y CABUHyToro 
cuMBona yonuja. Ecnn A^HHbie b 6yc|Depe 
aHTeHHbix BbiGopoK em,e HeAOCTOBepHbi mjim 
ecnn ycTaHOBJieH 6mt HacTpoPiKH rpynnbi 
ynpaBJieHMfi MoiAHOCTbio n cmmboji yoniua 
HaxoAMTca He Ha rpaHMi^e rpynnbi ynpaBJieHna 

MOLU,HOCTbfO, TO TOrfla HHTerpaJIbHblM nOUCKOBbM 

npou,eccop 128 ocTaeTcn b coctoahmm 

CMHXpOHM3ai4MM, nOKa He B03HHKHyT 

cooTBeTCTByK5U4ne ycjioBna Ha rpaHnu,e 
cneAyfOLuero CABUHyToro CMMBona yonuja. ripw 
HannHnn coot BeTCT By io u^ero CABUHyToro 
cuMBona yonuja npoi^ecc noncKa MO>KeT 
nepeMTM b aKTMBHoe cocTOAHne. 

MHTerpanbHbiM noncKOBbiM npoi^eccop 128 
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ocTaeTCfl b aKTMBHOM coctoahhh, noKa OH He 
o6pa6oTaeT nowcKOByio rpynny, m b 3TOT MOMeHT 

OH B03BpaLHaeTC5R B COCTOflHl/ie CMHXpOHH3aU,HH. 

Ecjim MHTerpanbHbiM noMCKOBbiM npoi^eccop 128 
HaxoAMTCfl b OAHOLuaroBOM pe>KMMe, oh MoxeT 

nepeMTM M3 aKTMBHOrO COCTOflHMfl B COCTOflHMe 

o>KMAaHMfl nocne 3aBepujeHMfl nocneAHero 
aneivieHTa noMCKOBOM rpynnbi Ana 
OKOHHaTenbHoro HaKonneHMfl CMMBonoB yonuja 
Ann nocneAHeM noMCKOBOM rpynnbi b noMCKOBOM 
OKHe. 3aTeM MHTerpanbHbiM noMCKOBbiM 
npoi^eccop 128 o>KMAaeT KOMaHAbi ot 
MMKponpoi4eccopa KaHanbHoro aneivieHTa 136, 
HTo6"bi MHMUMMpoBaTb APyroM noMCK. EcnM xe 
MHTerpanbHbiM noMCKOBbiM npoi^eccop 128 
HaxoAMTca b HenpepbiBHOM pe>KMMe, to TorAa b 
3tot MOMeHT oh 3arpy>KaeT HOBbiM Ha6op 
napaMeTpoB noMCKa m B03BpaLnaeTca b 

COCTOflHMe CMHXpOHM3ai4MM An^ 0>KMAaHMfl 

CABMHyToro cm m Bona yonuja c HananbHbiM 
CABMroM, noAne>Kau4ero o6pa6oTKe npM hobom 

nOMCKe. AKTMBHOe COCTOflHMe - 3T0 
eAMHCTBeHHOe COCTOFIHMe, B KOTOpOM 

o6pa6aTbiBafOTCfl Bbi6opKM aHTeHHbix AaHHbix. B 

COCTOflHMJRX 0>KMAaHM?1 MnM CMHXpOHM3ai4MM 

npoi^ecc noMCKa npocTO OTcne>KMBaeT BpeMfl c 
noMOLUbio cneTHMKa CMCTeMHoro BpeMeHM 342 m 
npoAon>KaeT 3anMCb b 6yopep 176 ncn m oyqbep 
172 aHTeHHbix BbiGopoK, TaK hto, KorAa npouecc 
noMCKa nepexoAMT b aKTMBHoe cocTOAHMe, stm 
6yc|Depbi 6yAyT roTOBbi a^i^ Mcnonb30BaHMfl. 

Ha c|DMr. 14 b KanecTBe npMMepa noKa3aHa 
BpeMeHHaa A^arpaMMa HaKonneHM?i nepBoro 
cm m Bona yonuja BTopoti noMCKOBOM rpynnbi b 

nOMCKOBOM OKHe, HanpMMep, B BMAe nOMCKOBOM 

rpynnbi, noK33aHHOM Ha qbMr. 9. TpeTMM CMMBon 
yonuja, Ha3biBaeMbiM onopHbiM CMCTeMHbiM 
TaKTOBbiM MMnynbcoM c HyneBbiM cabmtom, 
noKa3aH pa3AeneHHbiM Ha TpMAU,aTb Asa 
MHTepBana BpeMeHM. CocTO^HMe noMCKa 372 

M3MeHJReTCfl OT COCTOflHMfl CMHXpOHM3ai4MM AO 

aKTMBHoro, KorAa MHAMKau,Mfi rpaHMi^bi 
CABMHyToro CMMBona yoniua, cooTBeTCTByioLi^a?! 
CMMBony yonuja 3, yKa3biBaeT, hto 6ycpep 172 

aHTeHHblX Bbl6opOK TOTOB C AOCTOBepHbIMM 

Bbi6opKaMM k oo"pa6oTKe Ha ashhom CABMre. Bo 
BpeMfl cneAyioLU,ero MHTepBana BpeMeHM 
o6pa6aTbiBaeTCfl nepBbiM aneMeHT noMCKOBOM 
rpynnbi. ripoi^ecc noMCKa npoAonxaeTca c 
Mcnonb30BaHMeM Ka>KAoro MHTepBana BpeMeHM 
Ana o6pa6oTKM aneMeHTa noMCKOBOM rpynnbi, 
KaK noKasaHO CMMBonoM "S" b MHTepBanax 
BpeMeHM 374, ecnM bxoahom KacKaA 
AeMOAyn^Topa 122 He Mcnonb3yeT npou,eccop 
EriA 120, hto noKa3aHO CMMBonoM "D" b 
MHTepBanax BpeMeHM 374. l~lpoi4ecc noMCKa 
saKaHHMBaeT o6pa6oTKy Ka>KAoro aneMeHTa b 
noMCKOBOM rpynne m B03BpamaeTCfl b cocTonHMe 
CMHxpoHM3au,MM nepeA rpaHMueM cneAyioLuero 
CABMHyToro cm m Bona yonuja, 

cooTBeTCTByioLAero CMMBony yonuja 4. TaioKe 
noKa3aHO cocTO^HMe cneTHMKa noMCKOBOM 
rpynnbi 362, B03pacTafom.ee b aKTMBHOM 
cocto^hmm, noKa oho He AOCTMmeT KOHeHHoro 
cocTOAHMfl, yKa3biBarou4ero Ha to, hto 
o6pa6oTaHa bca noMCKOBas rpynna. 3Aecb 
noKa3aHO BospacTatomee cocTOfiHMe cneTHMKa 
CABMra 364 Me>KAy MHTepBanaMM BpeMeHM, 

COOTBeTCTByfOLAMMM SneMeHTy nOMCKOBOM 

rpynnbi, TaK hto sto mo>kho Mcnonb30BaTb ati^ 
nonyneHMfl aApeca CHMTbiBaHM^ CABMra 6yc{Depa 
Bbi6opKM b TeneHMe MHTepBana BpeMeHM. 
GocTOfiHMe cneTHMKa CABMra 364 KOHBeMepHO 
3aAep>KMBaeTCfi b BMAe noAcneTa CABMra ati^ 
perMCTpa nynniMX pe3ynbTaTOB 366. CneTHMK 
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CABura 368 nonynaeT npupameHMfl b npoi4ecce 
HaKonneHM^ KOHeHHoro CHMBona Yoniua 370. 

TaKMM o6pa30M, KOHc(Dnrypai4Msq 
oflHOKpucTaribHoro nouicKOBoro npou,eccopa 
6narc\qapfl 6ycfcepn3ai4i/in aHTeHHbix BbiGopoK m 
Mcnonb30BaHHfo npoi^eccopa npeoo"pa30BaHHfl c 

KBaHTOBaHUGM BpeMeHH MO>KGT HG3aBMCHMO 

ycTaHaBnuBaTb nocneflOBaTeribHOCTb noncKa, 
onpeAejiaeiviyfo HaSopoM napaivieTpoB noiicKa, 
aHajin3npoBaTb pe3ynbTaTbi m npeACTaBnsrrb 
cyMMapHbiM OTHeT o nyHLUMX TpaeKTopnax, 
HTo6bi ncnojib30BaTb nx Anfl noBTopHoro 
pacujupeHM^ GneMema AeMOAynfli4Hn. 3to 
yMeHbLuaeT OTHOCMTenbHyio Harpy3Ky Ha 
ynpaBJURKJii^nM MHKponpoi^eccop, TaK hto mo>kho 
ncnorib30BaTb oonee AeiueBbiPi 

Mi/iKponpoi^eccop, a TaioKe yMeHbiuaeT 
HenocpeACTBeHHbie 3aTpaTbi Ha HHTerpanbHbie 

MMKpOCXeMbl, AaBafl B03MO>KHOCTb BbinOJlHUTb 

Becb MOAeM KaHanbHoro aneivieHTa Ha oahom 
MMKpocxeivie. 

OnucaHHbie 3Aecb o6Lutne npMHL^nnbi MoryT 
6biTb wcnojib30BaHbi b cucieiviax, rp,e 
npMMeH3K)TC^ anbTepHaTHBHbie cxeMbi 
nepeAann. BbiiueyKasaHHoe onucaHne 
ocHOBbiBanocb Ha npneivie CMmana o6paTHoro 
TpaKTa, rAe OTcyTCTByeT nnnoT-cnman. no 
npflMOMy TpaKTy comacHO npeAnoHTMTenbHoiviy 
BapnaHTy 6a30Baa CTaHunn nepeAaeT 
nnnoT-cnman. nwnoT-cfiman - sto CMman, 
HecyLAMM n3BecTHbie flaHHbie, noaTOMy OTnaAaeT 
Heo6xoAMMOCTb b npou,eAype BriA, 
Mcnonb3yeMoCi p,nn onpeAeneHi/m Toro, KaKne 
AaHHbie 6binn nepeAaHbi. flna BonnomeHHfl 
HacTo^mero M3o6peTeHnq HHTerpanbHbiM 
noMCKOBbifi npoi^eccop fliifl npneivia curHana, 
coAep>KaLLJ ) ero nunoT-CMrHan, He coAep>KMT 
npoueccop EI~IA m He ncnonb3yeT cj^yHKUMto 
o6Hapy>KeHM^ MaKcuiviyMa. ripoi^eccop BI~IA v\ 
AeTeKTop MaKCMMyMa 1 60 Ha cjDnr. 5 MoryT 6biTb 
3aMeHeHbi, Hanpniviep, npocTbiM HaKonMTeneM 
125, noKa3aHHbiM Ha dpwr. 15. Onepai^i/m noncKa 
npn HariMHMH nnnoT-ci/imana aHanoruiHHa 
onepau.ni/i noncKa KaHana AQCTyna b pe>Knivie 
3axBaTa, onucaHHOM BbiLue. 

BbiLueonncaHHaa apxi/rreKTypa noncKa MO>KeT 
6biTb Mcnorib30BaHa ati^ BbinonHeHi/m noncKOB 
caivibiMn pa3Hbiivin cnocooaiviH. Hawo'onee 

SCjDCpeKTHBHblM SBJIfleTCfl nMHeWHbM nOMCK. 

JlnHeMHbiw noncK BbinojiH^eTCfl nyTeM 
nnHewHoro noncKa noTeHU,ManbHbix BpeivieHHbix 
cabhtob b nopflAKe, He 3aBHCflLU,eivi ot 
Bepo^THOCTH Toro, hto yAaneHHoe ycTpoficTBO 
paAMOCB5^3M BeAeT nepeAany. I~lpn noncKe 
curHana yAaneHHoro ycTpoficTBa paAHocBA3H 
6a30Ban CTaHi4M?i Aon>KHa 3HaTb OKMAaeMbM 
Anana30H 30Hbi AeficTBHH. Hanpniviep, b 
npeAnoHTMTenbHOM BapwaHTe o6bNHaa 6a30Baa 
CTaHUMfi nepeKpbiBaeT Anana30H nop?iAKa 50 
KunoMeipoB, hto noApa3yivieBaeT Hannnne 
3aAep>KKM, CB^saHHOM c noATBep>KAeHneM 
npneivia, 350 MUKpoceKyHA Mnn npniviepHO 430 
sneivieHTOB nceBAOujyMOBoro KOAa. TaioKe b 
cpeAe MHoronyneBoro pacnpocTpaHeHUJR, rAe 
cumanbi mmgkit He np^Mbie TpaeKTopnn, cuman 
yAaneHHoro ycTpowcTBa paAnocB5q3n MO>KeT 
6biTb 3aflep>KaH nyTb nv\ He BflBoe no cpaBHeHura 
cnpjiMOM TpaeKTopnePi pacnpocTpaHeHna, MMea 
b BMAy, hto noncK AonxeH BecTucb no Ha6opy 
M3 noHTM 1000 pa3nnHHbix CABHrOB 
nceBAOujyMOBoro cumana. I~lpn o6Hapy>KeHMM 
curHana yAaneHHoro ycTpoMCTBa paAnocB^3M oh 
AeMOAynnpyeTca m CTaHOBHTC^ M3BecTHbiM 
npniviepHoe paccTO^Hne ao yAaneHHoro 

yCTpOMCTBa paA^IOCBfl3M. B CBfl3M c 3THM 
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bo3mo>kh bie cab mth nceBAOujyMOBoro cm man a, 
KOTopbie Heo6xoAHMO onpeAennTb, HTo6bi 
o6ecnennTb o6Hapy>KeHne 6onbu_inHCTBa 
AOCTOBepHbix MHoronyneBbix cumanoB, 
cyLnecTBeHHO yMeHbiuaKyrcfl. 

B paMKax AaHHoro noncKa no rpynne 
ynpaBneHMfi MOLi^HOCTbK) nMefOTcn Tpn npuHMHbi, 
no KOTopbiM curHan He MoxeT 6biTb o6Hapy>KeH 
npn AaHHOM CABure nceBAOujyMOBoro cumana. 
Bo-nepBbix, cuman MO>KeT He npuwTM c 
3aAaHHbiM CABuroM. YAaneHHoe ycTpoMCTBO 
paAnocB?i3n MoweT BbiAaTb HecKonbKO cumanoB 
MHoronyneBoro pacnpocTpaHeHMfl, ho 
KonnnecTBO co3AaBaeMbix MHoronyneBbix 
curHanoB cocTaBnaeT nuiub oneHb Manyra nacTb 
ot Bcex CABuroB, KOTopbie noABepratoTCfl 
noncKy. TaKUM o^pasoM, 6onbLUMHCTBO cabhtob 
npeBbiLuajoT nopor oeHapy^eHna, noToiwy hto 
HeT curHana yAaneHHoro ycTpoticTBa 

paAHOCBH3H C AaHHbIM CABMTOM. 

Bo-BTopbix, cuman MO>KeT nocTynaTb c 
saAaHHbiM CABuroM nceBAOLuyMOBoro curHana, 
ho c 3aMnpaHneM Ha npoT^eHnn 6onbLueCi 
nacTM Bcero BpeMeHU nouicKa. KaK noscHflnocb 
Bbiuje, xapaKTepucTHKH MHoronyneBoro 
pacnpocTpaHeHMfl paAMOKaHana MoryT npuBecTM 
k 3aivinpaHHK) curHana. 3aivinpaHMe 
onpeAen^eTca xapaKrepucTHKaiviM c(Da3MpoBaHH^ 
KaHana c MHoronyneBbiM pacnpocTpaHeHMeM. 
3aMnpaHne no^BnaeTCfl, KorAa BeKTopw 
MHoronyneBoro pacnpocTpaHeHMjq cyMMnpyHDTca 
HeonaronpMflTHbiM o6pa30M, o6pa3ya 
npuHMMaeivibiM curHan, no ypoBHto MeHbLunPi, 
HeM nK)6ow OTAenbHbiw BeKTop. TaKUM o6pasoM, 
ecnn cuman, KOTopbiM Aonroe BpeM5q 6bin 
AOCTOBepHbiM, BApyr cunbHO 3aMnpaeT bo 
BpeMfl npoBeAeHM^ noncKa, to oh He CMO>KeT 
6biTb o6Hapy>KeH b npouecce noncKa. 

B TpeTbux, cuman mokbt nocTynnTb c 
3aAaHHbiM CABuroM nceBAOujyMOBoro cumana, 
ho b cnynae, KorAa nepeAaTHMK yAaneHHoro 
ycTpoCicTBa paAMOCB?i3M b paccMaTpuBaeMbiM 
nepnoA BpeiweHM He nepeAaeT curHan. KaK 
noacHflnocb Bbiiue, b npeAnoHTMTenbHOM 
BapnaHTe yAaneHHoe ycTpoC?icTBO paAHocBH3H 
c|3opMnpyeT naKeTHbiPi cuman. YAaneHHoe 
ycTpoCiCTBO paAHOCBfl3H coAepxnT BOKOAep c 
perynnpyeMOM nacTOTOM, KOTopbiM cf)opMnpyeT 
6noKH AaHHbix c M3MeH^eivioti nacTOTOM. 
PaHAOMM3aTop naKeTa AaHHbix onpeAenjReT, b 
TeneHne KaKnx nepnoAOB BpeMeHM yAaneHHoe 
ycTpowcTBO paAH0CBA3ki BeAeT nepeAany n b 
TeneHne KaKnx nepnoAOB BpeMeHM oh He BeAeT 
nepeAany AaHHbix, BbiAaBaa CKopocTb nepeAann 
AaHHbix cumana, noAne>KaLL\ero nepeAane, 

KOHKpeTHbM HAeHTMCjDMKai4MOHHblM HOMep 

yAaneHHoro ycTpotfcTBa paA^ocBfi3Li m BpeMfl 
cyTOK. ripn pa6oTe c nacTOTOM MeHbLuew nonHoPi 
nacTOTbi, paHAOMM3aTop naKeTa AaHHbix b 
yAaneHHOM ycTpowcTBe paAMOCB?i3M 
pacnpeAenfieT cnynaMHbiM o6pa30M nepnoAbi 
aKTMBHoro BpeivieHM BHyTpn naKeTa nepeAanw. 
CooTBeTCTByraLUMM paHAOMH3aTop naKeTa 
AaHHbix Tao<e BKmonaeTC^ b cocTaB 6a30BOM 

CTaHI4MM, T3K HTO 6a30Ba?1 CTaHI4Mfl MO>KeT 

Bocco3AaTb nceBAOcnynaMHoe pacnpeAeneHne 
Ha ocHOBe BpeivieHM cyTOK i/i KOHKpeTHoro 
HAeHTMc|DHKai4MOHHoro HOMepa yAaneHHoro 
ycTpoficTBa paAnocBfl3M, ho bo BpeMfl npoLjecca 

nOMCKa OTCyTCTByeT MHCjDOpMai4M5R o CKOpOCTH 

nepeAann. KaK 6bino OTMeneHO Bbime, nepnoAbi 
BpeivieHU BocbMUKpaTHOM nacTOTbi onpeAensqioT 
TaK HasbiBaeMyio coBepujeHHyio rpynny 
BpeivieHHbix MHTepBanoB. TaKUM nyTeM, 

He3aBMCMMO OT CKOpOCTH A a HHblX B 
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nepeflaBaeMOM CHmane, Ka^bin BpeivieHHOH 

nepHOfl, COOTBeTCTByHDLL^MM COBepLUeHHOM 

rpynne, tomho cooTBeTCTByeT HHTepBany 
BpeivieHU, KorAa cooTBeTCTByhDLi^ee yAaneHHoe 
ycTpoCicTBO paflnocBfi3M nepeAaBano curHan. 
Bo BpeMfi Bcex flpyri/ix BpeivieHHbix HHTepBanoB 
yAaneHHoe ycTpoPicTBO paAMOGBfl3n mo>kgt 
nepeflaBaTb hjih He nepeflaBaTb AaHHbie b 

3aBMCMMOCTM OT COOTBeTCTByKJLi^eM CKOpOCTH 
KOAHpOBaHMfl. 

Ecnn ycTaHOBneH JiwHeMHbiM noncK, atia Toro 
HTo6bi nonyHHTb AOCTOBepHbie H3MepeHHfl 
MOU4HOCTM, to npoLjecc noncKa orpaHUHMBaeT 
nonHoe Bpeivm noncKa /to ecTb KonwnecTBO 
HaKonneHUM chmbojiob yonuja Ha oahom 
noncKOBOM CABi/ire/, HTob"bi HanaTb m 3aKOHHHTb 
noncK b rpaHni4ax oahom rpynnbi ynpaBneHM* 

MOLUHOCTbfO, K3K 60Jiee nOApO^HO OfrbflCHflJlOCb 

BbiLue. CHMTaeTca, hto noncK, may^hm TonbKO 
BHyTpn oahoii rpynnbi ynpaBJieHHH MOLUHOCTbfo, 
cnHxpoHM3npoBaH c rpaHni4aivin rpynnbi 
ynpaBneHUfl Moi^HOCTbHD. Ecnn npoL^ecc noncKa 
c AaHHbiM CABuroM HaKanjiMBancfl 
6"e30TH0CHTeribH0 rpaHML^ rpynnbi ynpaBneHun 
MOLUHOCTbHD m yAaneHHoe yCTpOMCTBO 
paAMOCB5q3M nepeAaBano co CKopocTbHD, 
MeHbLuew noriHOM CKopocTH, to AOCTOBepHbie 
pe3ynbTaTbi noncKa, cooTBeTCTByioinne rpynne 
ynpaBrieHWfl MoinHOCTbio, rAe CTpoSnpoBancfl 
curHan yAaneHHoro ycTpoMCTBa paAMOCBfl3M, 
MoryT 6biTb npocyMMnpoBaHbi c wyMOM, 
HaKonneHHbiM bo BpeMfl cneAyHDinefi rpynnbi 
ynpaBJieHna MOLUHOCTbio, KorAa curHan ot 
yAaneHHoro ycTpoMCTBa paAwocBA3H He 
npoxoAnn. CyMMnpoBaHne pe3ynbTaTOB nowcKa, 
cooTBeTCTByiOLUMX rpynne ynpaBneHi/m 
MOLUHOCTbio, KorAa curHan yAaneHHoro 
ycTpoPicTBa paAMOCBnsn He npoxoAnn, 
pa3pyiuaeT norie3Hbie pe3yjibTaTbi, 

HaKonneHHbie bo BpeMfl ynpaBJieHna 
MOLUHOCTbio, KorAa curHan yAaneHHoro MOAynfl 
ct poo" m po Ban CST 

Oahh H3 cnocoooB noncKa mo>kho 
ncnonb30BaTb Ana nouicKa TonbKO Tex rpynn 
ynpaBneHMfi MOLn,HOCTbio, KOTopbie 
cooTBeTCTByioT coBepujeHHbiM rpynnaivi. flawe 
eonn BbinonHneTcn noncK TonbKO coBepLueHHofi 
rpynnbi, npoi^ecc noncKa n npoi^ecc 
pacnpeAeneHMfl aneivieHTOB AeMOAynfli^nn 
Aon>KeH 6biTb b coctoahmh o6pa6oTaTb 
cnTyai4Mfo, npn KOTopoPi HaKonneHHaa aHeprwa 
He npeBbiLuaeT nopor o6"Hapy>KeHHfl, ho b 
Ae^cTBMTenbHOCTH curHan co cabmtom 
npucyTCTByeT onaroAapa xapaKTepucTHKaiw 
HenpeACKa3yeivioro 3aivinpaHMfl KaHana. TaKUM 
o6pa30M, ecTb 6onee acjDcjDeKTHBHafi cxeivia Ana 
HaKonneHun 3Heprnn bo Bcex rpynnax 
ynpaBneHWfl MOLUHOCTbio, He3aBHcnivio ot Toro, 
cooTBeTCTByraT nnn HeT OHH COBepLlieHHblM 

rpynnaM. Ecnn npki noncKe o£)Hapy>KHBaeTCfl 
SHeprnfl, KOTopaa He cooTBeTCTByeT 
coBepweHHofi rpynne, reHepnpyioTCfl 
AononHHTenbHbie AOCTOBepHbie AaHHbie b 
Ao6aBfieHne k AaHHbiM, reHepupyeMbiM Ha 
ocHOBe noMCKa TonbKO coBepiueHHOM rpynnbi. 

KaK oTMenanocb Bbiiue, noncK npeawioynbi 
OTnu^aeTcsq ot noncKa, BbinonHjqeivioro bo Bpeivm 
pa6oTbi KaHana TpaapuKa. KorAa yAaneHHoe 
ycTpoficTBO paAnocB5R3M MSHananbHO nbiTaeTCfl 
nonyMMTb AOCTyn b cucTeMy, oh nocbinaeT 
curHan paAMOMa^Ka, Ha3biBaeMbiM npeaMcynoCi, 
b kotopom ncnonb3yeTcsq HyneBOM cuMBon 
yoniua. HyneBoPi cuMBon Yoniua - sto cuMBon 
Yonuja, KOTopbiM coAep>KMT Bee nornnecKne 
Hynn BMecTO nonoBMHbi eAUHMi^ v\ nonoBUHbi 
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Hyneti, KaK onucbiBanocb Bbiiue. ripn 
BbinonHeHHH noMCKa npeaivi6ynbi noncKOBoe 
ycTpoMCTBO v\u\&\ JiK)6oe yAaneHHoe ycTpoMCTBO 
paAMOCBfisn, nocbinahDLi^ee curHan paAMOMafiKa 
H3 HyneBbix CMMBonoB Yoniua no KaHany 
AOCTyna. B npeAnoHTHTenbHOM BapnaHTe 
nepeAana npeaM6ynbi BcerAa HAeT c nonHOM 
CKopocTbio \a HMKorAa He npepbiBaeTcs. TaKUM 
o6pa30M, bo BpeMfl noncKa npeaivi6ynbi HeT 

Heo6xOAMMOCTM B CMHXpOHM3ai4HH c rpaHUL^aMM 

rpynnbi ynpaBneHna MOLUHOCTbio. 

CymecTByeT MHO>KecTBO KOHcj3nrypai4MM 

CUCTeM CB33M C KOnneKTMBHbIM AOCTyn OM n 

pacLunpeHHbiM cneKTpoM, noAPo6"HO 3Aecb He 
onucaHHbix, ho b KOTopbix npuMeHUMO 
HacTOflmee M3o6peTeHne. Hanpniwep, BMecTO 
KOAnpoBaHM^ YonLua m ASKOAnpoBaHUfl c 
ncnonb30BaHneM EI1A mo>kho 6bino 6bi 
ncnonb30BaTb Apyrne MeTOAbi KOAnpoBaHun m 
AeKOAnpoBaHMfl. npeAbiAYLHee onucaHne 
npeAnoHTHTenbHbix BapnaHTOB npeAHa3HaneHO 
Anfl Toro, HTo6bi cneL^nanncTbi iviornn 
ocyiAecTBHTb n ncnonb30BaTb HacTosiAee 
H3o6peTeHne. Cnei^nanncTaM Aon>KHbi 6biTb 
oneBMAHbi pa3nnHHbie ivioAnc|DHKaL\MH stmx 
BapnaHTOB, a ccjDopMynnpoBaHHbie 3Aecb 
ncxoAHbie npuHi^nnbi MoryT 6biTb npnivieHeHbi b 
Apyrwx BapnaHTax 6e3 ncnonb30BaHnn 
n3o6peTaTenbCKMX cnoco6"HOCTefi. TaKMM 
o6pa30M, npeAnonaraeTcs, hto HacTOflinee 
M3o6peTeHne He orpaHMHUBaeTca noKa3aHHbiMM 
3Aecb BapnaHTaMM ero ocyLnecTBneHMfl, a 
AonxHO cooTBeTCTBOBaTb caMOMy LunpoKoiviy 
o6"beMy, cornacyioLneMycfl c pacKpbiTbiMn 3Aecb 
npuHi^nnaMM m HOBbiMM npn3HaKaMM. 

<I>opMyna M3o6peTeHM^: 

1 . Cnocoo" npneivia cumana, coAepwaLijero 
rpynny cwrHanoB Bbi30BOB c pacLunpeHHbiM 
cneKTpoM, coBMecTHO ncnonb3yfou4MX oSu^yio 
nonocy nacTOT, b kotopom Ka>KAbiw \A3 
yKa3aHHbix curHanoB bn30bob c paciiinpeHHbiM 
cneKTpoM coAep>KMT nocneAOBaTenbHOCTb 6mt, 
3aKOAnpoBaHHbix b rpynnax cjDMKCupoBaHHOM 
AJiMHbi b BMAe nocneAOBaTenbHOCTM chmbojiob, 
npuneivi nocneAOBaTenbHOCTb yKa3aHHbix 
cuMBonoB rpynnnpyeTC^ BMecTe b rpynnbi 
ynpaBneHM^, MOLUHOCTbio, rAe Ka>KAbifi cuMBon b 
o6u\ew rpynne ynpaBneHna Mon^HOCTbio 
nepeAaeTcn c o6u\)am ypoBHeM moll^hocth, m 
yKa3aHHbie rpynnbi ynpaBneHna MOLAHOCTbra 
nepeAaHDTCfl b naKeTax, m BbiAeneHMfl OAHoro H3 
yKa3aHHbix cumanoB Bbi30Ba H3 yKa3aHHOM 
rpynnbi Arm onpeAeneHMfi ypoBH^ cumana 

Bbl30B3 C BpeMeHHblM CABHTOM M3-33 33Aep>KKM 

Ha Tpace pacnpocTpaHeHna no OTHOiueHUho k 
onopHOMy BpeivieHU c HyneBbiM cabhtom, 
OTnuHaioLi^nMCfi Teivi, hto cnoco6 BKnionaeT 
3Tanbi, npn KOTopbix ocyu^ecTBnjRioT 
sanoMMHaHne 6ht AaHHbix nceBAOLuyMOBOM 
nocneAOBaTenbHOCTH (ncn) b 6yc|Depe ncn, 
3anoMMHaHne nepBoro npuH^Toro Ha6opa 
BbiGopOK curHanoB Bbi30BOB b 6yc$iepe Bbi6opoK, 
\AMe\cn\eM orpaHMHeHHyio eiwiKOCTb, OKaTue 
Ha6opa nepBOM cjDUKCupoBaHHoCi A^UHbi H3 

yK33aHHblX Bbl6opOK CHTHanOB Bbl30B0B \A3 

6ycf:epa BbiSopoK, cooTBeTCTByioLAMX nepBOMy 
BpeivieHU 3aAep>KKM Ha Tpacce 

pacnpocTpaHeHMn, c noivioLUbK) nepBoro Ha6opa 
6mt AaHHbix ncn M3 6ycf}epa ncn Ana 
nonyneHMfl nepBoro OKaToro BbixoAHoro 
curHana, 3anoivinHaHne BToporo npuHAToro 
Ha6opa Bbi6opoK curHanoB BbisoBOB b 6ycf)epe 
Bbi6opoK, OKaTue Ha6opa BTopoM 

CjDMKCHpOBaHHOPl A^UHbl H3 Bbl6opOK CMTHanOB 

Bbi30BOB H3 Gyqbepa BbiGopoK, 
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COOTBeTCTByHDU4MX BTOpOMy BpBMBHH 3aflep>KKH 

Ha Tpacce pacnpocTpaHeHMfl, c noMOLUbfo 
nepBoro Ha6opa 6ht flaHHbix ncn H3 
yKa3aHHoro oyqbepa ncn ppn nonyneHWfl 
BToporo OKaToro BbixoAHoro curHana, npn stom 
Haoop BTopofi cpUKCupoBaHHOfi AnnHbi M3 
Bbi6opoK curHanoB Bbi30BOB coflep>KHT 6oribLuoe 

HMCJIO T3KHX >Ke Bbl6opOK CMTHaJlOB Bbl30BOB, 
HTO M Ha6op nepBOM qbHKCHpOBaHHOM AnMHbl M3 

Bbi6opoK CMrHanoB Bbi30BOB, AnnHa nepBoro m 
BToporo npuHATbix Ha6opoB Bbi6opoK curHanoB 

Bbl30BOB HBnfleTCfl HaCTbKJ CjDUKCMpOBaHHOPl 

AnnHbi Haoopa nepBofi m BTopoki 
c^nKcupoBaHHOM AnnHbi us BbibopoK curHanoB 
Bbi30BOB, npi/ineM GTanbi 3anoMMHaHMSR Ha6opa 

nepBOM M BTOpOM C|DMKCMpOBaHHOPl AilUHbl M3 
Bbl6opOK CHrHailOB Bbl30BOB M 3T3nbl OKSTHfl 

Hacopa nepBoPi m BTopoPi cjDMKCupoBaHHOki 

AnUHbl M3 Bbl6opOK CMmaJlOB Bbl30BOB 
BbinOJIHflfOTCa He3aBHCMMO OT BepOflTHOCTM 
TOrO, HTO OflHH H3 CMTHanOB Bbl30BOB COflep>KMT 

oflHy v\3 rpynn ynpaBneHun MOLUHOCTbra. 

2. Cnoco6 npueivia curHana, coAepaomero 
rpynny curHanoB Bbi30BOB c pacLunpeHHbiM 
cneKTpoM 3 coBMecTHO Mcnorib3yK)Li^nx o6Lnyto 
nonocy nacTOT, i/i BbiflerieHMfl nepBoro curHana 
M3 rpynnbi curHanoB c paciunpeHHbiM cneKTpoivi 
Ann onpeAeneHwa ypoBHH curHana c 
BpeivieHHbiM CABuroM M3-3a saAep>KKH Ha Tpacce 
pacnpocTpaHeHMfl no OTHOLueHMfo k onopHOMy 
BpeivieHM c HyneBbiM cabmtom nepBoro curHana, 
npwneM nepBbiw ci/iman coAep>KHT 
nocneAOBaTenbHOCTb cuMBonoB, KOTopaa 
rpynnnpyeTca BMecTe b Ha6op cuMBonoB, 
Ka>KAbiR CMMBon b o6meM Ha6ope CMMBonoB 
nepeAaeTca c cjDUKCupoBaHHbiM ypoBHeM 
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35 



MOL14HOCTM, a nocneAOBaTenbHbie HaSopbi 
cuMBonoB MoryT nepeAaBaTbca c pa3nnHHbiMH 
ypoBH^MH curHana, npuneM yKa3aHHbie 
pa3nuiHHbie ypoBHM curHana BKnHDMatoT b ce6fi 
HyneBOM ypoBeHb, KorAa nepeAana nepBoro 
curHana npepbiBaeTca, OTnuMafomnMca Tewi, hto 
BKnHDHaeT aTanbi, npn KOTopbix ocyLnecTBnflfc-T 
noncK nepBoro Hao"opa Bbio"opoK cumanoB 
Bbi30B0B, cooTBeTCTByfouj.ero nepBOMy Haoopy 
cuMBonoB Ana nepBoro curHana c nepBbiM 
CABuroM Ana nonyneHun nepBOM oueHKM ero 
mouj,hoctm, noncK BToporo Haoopa BblOOpOK 
curHanoB Bbi30BOB, cooTBeTCTByfOLi^nx nepBOMy 
Ha6opy cuMBonoB Ana nepBoro curHana c 
nepBbiM CABuroM An* nonyHeHMfl BTopofi oi^eHKH 
ero Mou^HOCTH, cyMMi/iposai-me nepBOM n btopom 
oi^eHOK MOL14HOCTM An^ nonyneHM^ ol^ghkm 
ypoBHfl MOL14HOCTH Haoopa cuMBonoB c nepBbiM 
CABuroM, noncK TpeTbero Haoopa Bbi6opoK 

CUTHanOB Bbl30BOB, COOTBeTCTByfOLUerO BTOpOMy 

HaSopy cuMBonoB ati^ nepBoro curHana co 
BTopbiM CABuroM nonyneHns TpeTbeM 

oueHKM ero moluhoctm, noncK neTBepToro 
Ha6opa Bbi6opoK curHanoB Bbi30BOB, 
cooTBeTCTBytoLi^ero BTopoiwy Ha6opy cuMBonoB 
AJ15R nepBoro curHana c BTopbiM cabhtom Ans 
nony^eHUfi MeTBepToCi oi^eHKM ero moluhoctm m 
cyMMnpoBaHuie TpeTbefi n HeTBepToPi oi^eHOK 
MOL14HOCTM Ana nony^eHHfi oi4eHKH ypoBHfl 
MOL14HOCTM Ha6opa CMMBOnOB c BTOpbIM 
CABMTOM, npM 3T0M nepBbiM Ha6op CMMBOnOB M 
BTOpOM HaSop CMMBOnOB COOTBeTCTByfOT 

Ha6opaM civiexHbix bo BpeivieHU cuMBonoB, 
npn^eivi GTanbi noncKa BbinonH?iK3TC?i 
HenpepbiBHO He3aBncnMO ot cjDMKCupoBaHHoro 
ypoBHA molahoctm. 
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The present invention provides a CDMA RAKE receiver which uses Fast 
Fourier Transform (FFT) matched filter to calculate a data detection. The 
received signal is processed by the RAKE receiver in the frequency domain. 
The RAKE receiver comprises a pilot signal spreading code matched filter, 
a data signal spreading code matched filter and a channel matched filter. The 
pilot signal spreading code matched filter removes a spreading code of the 
pilot signal. The data signal spreading code matched filter removes a 
multiple access spreading code of the data signal. A channel matched filter 
estimates the channel frequency response and combines the received data 
signal from different paths and generates a decision. In order to increase the 
capacity of CDMA system, the RAKE receiver employs an interference 
cancellation method. A downlink receiver on a mobile station can estimate 
the interference of a pilot signal and remove the pilot interference from the 
received data before the data detection. An uplink receiver on a base station 
employs a multi-stage parallel interference cancellation technique to remove 
the multiple access interference from other users. 
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MULTI-USER DETECTION USING AN ADAPTIVE COMBINATION OF 
JOINT DETECTION AND SUCCESSIVE INTERFERENCE 

CANCELLATION 

This application claims priority to U.S. Provisional Patent Application No. 
60/189,680, filed on March 15, 2000 and U.S. Provisional Patent Application No. 
60/207,700, filed on May 26, 2000. 

BACKGROUND 

The invention generally relates to wireless communication systems. In 
particular, the invention relates to joint detection of multiple user signals in a 
wireless communication system. 

Figure 1 is an illustration of a wireless communication system 10. The 
communication system 10 has base stations 12 A to 12 5 which communicate with user 
equipments (UEs) 14, to 14 3 . Each base station 12 a has an associated operational 
area where it communicates with UEs 14, to 14 3 in its operational area. 

In some communication systems, such as code division multiple access 
(CDMA) and time division duplex using code division multiple access 
(TDD/CDMA), multiple communications are sent over the same frequency spectrum. 
These communications are typically differentiated by their chip code sequences. To 
more efficiently use the frequency spectrum, TDD/CDMA communication systems 
use repeating frames divided into time slots for communication. A communication 
sent in such a system will have one or multiple associated chip codes and time slots 
assigned to it based on the communication's bandwidth. 

Since multiple communications may be sent in the same frequency spectrum 
and at the same time, a receiver in such a system must distinguish between the 
multiple communications. One approach to detecting such signals is matched 
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filtering. In matched filtering, a communication sent with a single code is detected. 
Other communications are treated as interference. To detect multiple codes, a 
respective number of matched filters are used. Another approach is successive 
interference cancellation (SIC). In SIC, one communication is detected and the 

5 contribution of that communication is subtracted from the received signal for use in 

detecting the next communication. 

In some situations, it is desirable to be able to detect multiple communications 
simultaneously in order to improve performance. Detecting multiple 
communications simultaneously is referred to as joint detection. Some joint 

10 detectors use Cholesky decomposition to perform a minimum mean square error 

(MMSE) detection and zero-forcing block equalizers (ZF-BLEs). These detectors 
have a high complexity requiring extensive receiver resources. 

Accordingly, it is desirable to have alternate approaches to multi-user 
detection. 



15 SUMMARY 

A time division duplex communication system using code division multiple 
access transmits a plurality of data signals over a shared spectrum in a time slot. A 
combined signal is received over the shared spectrum in the time slot. The plurality 
of data signals are grouped into a plurality of groups. The combined signal is 

20 matched filtered based on in part symbol responses associated with the data signals 

of one of the groups. Data from each data signal in the one group is jointly detected. 
An interference signal is constructed based on in part the one group detected data. 
The constructed interference signal is subtracted from the combined signal. Data 
from the other groups is detected by processing the subtracted signal. 

25 BRIEF DESCRIPTION OF THE DRAWING(S) 

Figure 1 is a wireless communication system. 

Figure 2 is a simplified transmitter and a receiver using joint detection. 
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Figure 3 is an illustration of a communication burst. 

Figure 4 is a flow chart of adaptive combination of joint detection and 
successive interference cancellation. 

Figure 5 is an illustration of an adaptive combination of joint detection and 
5 successive interference cancellation device. 

Figures 6-1 2 are graphs comparing the performance of adaptive combination 
of joint detection and successive interference cancellation, full joint detection and 
a RAKE receiver. 



DETAILED DESCRIPTION OF THE PREFERRED EMB ODIMENT(S) 

10 Figure 2 illustrates a simplified transmitter 26 and receiver 28 using an 

adaptive combination of joint detection (JD) and successive interference cancellation 
(SIC), "SIC-JD M , in a TDD/CDMA communication system. In a typical system, a 
transmitter 26 is in each UE \ A X to 14 3 and multiple transmitting circuits 26 sending 
multiple communications are in each base station 12! to 12 5 . A base station 12j will 

1 5 typically require at least one transmitting circuit 26 for each actively communicating 

UE to 14 3 . The SIC-JD receiver 28 may be at a base station 12 l9 UEs 14j to 14 3 
or both. The SIC-JD receiver 28 receives communications from multiple 
transmitters 26 or transmitting circuits 26. 

Each transmitter 26 sends data over a wireless radio channel 30. A data 

20 generator 32 in the transmitter 26 generates data to be communicated over a 

reference channel to a receiver 28. Reference data is assigned to one or multiple 
codes and/or time slots based on the communications bandwidth requirements. A 
modulation and spreading device 34 spreads the reference data and makes the spread 
reference data time-multiplexed with a training sequence in the appropriate assigned 

25 time slots and codes. The resulting sequence is referred to as a communication burst. 

The communication burst is modulated by a modulator 36 to radio frequency. An 
antenna 38 radiates the RF signal through the wireless radio channel 30 to an 
antenna 40 of the receiver 28. The type of modulation used for the transmitted 
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communication can be any of those known to those skilled in the art, such as direct 
phase shift keying (DPSK) or quadrature phase shift keying (QPSK). 

A typical communication burst 16 has a midamble 20, a guard period 18 and 
two data bursts 22, 24, as shown in Figure 3. The midamble 20 separates the two 
data bursts 22, 24 and the guard period 18 separates the communication bursts to 
allow for the difference in arrival times of bursts transmitted from different 
transmitters. The two data bursts 22, 24 contain the communication burst's data and 
are typically the same symbol length. The midamble contains a training sequence. 

The antenna 40 of the receiver 28 receives various radio frequency signals. 
The received signals are demodulated by a demodulator 42 to produce a baseband 
signal. The baseband signal is processed, such as by a channel estimation device 44 
and a SIC-JD device 46, in the time slots and with the appropriate codes assigned to 
the communication bursts of the corresponding transmitters 26. The channel 
estimation device 44 uses the training sequence component in the baseband signal 
to provide channel information, such as channel impulse responses. The channel 
information is used by the SIC-JD device 46 to estimate the transmitted data of the 
received communication bursts as hard symbols. 

The SIC-JD device 46 uses the channel information provided by the channel 
estimation device 44 and the known spreading codes used by the transmitters 26 to 
estimate the data of the various received communication bursts. Although SIC-JD 
is described in conjunction with a TDD/CDMA communication system, the same 
approach is applicable to other communication systems, such as CDMA. 

One approach to SIC-JD in a particular time slot in a TDD/CDMA 
communication system is illustrated in Figure 4. A number of communication bursts 
are superimposed on each other in the particular time slot, such as K communication 
bursts. The K bursts may be from K different transmitters. If certain transmitters are 
using multiple codes in the particular time slot, the K bursts may be from less than 
K transmitters. 
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Each data burst 22, 24 of the communication burst 16 has a predefined 
number of transmitted symbols, such as N s . Each symbol is transmitted using a 
predetermined number of chips of the spreading code, which is the spreading factor 
(SF). In a typical TDD communication system, each base station 12, to 12 5 has an 

5 associated scrambling code mixed with its communicated data. The scrambling code 

distinguishes the base stations from one another. Typically, the scrambling code 
does not affect the spreading factor. Although the terms spreading code and factor 
are used hereafter, for systems using scrambling codes, the spreading code for the 
following is the combined scrambling and spreading codes. As a result, each data 

10 burst 22, 24 has N s x SF chips. After passing through a channel having an impulse 

response of W chips, each received burst has a length of SF x N s + W -1, which is 
also represented as N c chips. The code for a k th burst of the K bursts is represented 
by C (k) . 

Each k ,h burst is received at the receiver and can be represented by Equation 

15 1. 

r w = A w d w , k = l-K 

— Equation 1 

r (k) is the received contribution of the k' h burst. A <k) is the combined channel 
response, being an N c x N s matrix. Each j th column in A (k) is a zero-padded version 
of the symbol response s' k) of the j th element of d (k) . The symbol response s (k) is the 
20 convolution of the estimated response h (k) and spreading code C <k) for the burst. d (k) 

is the unknown data symbols transmitted in the burst. The estimated response for 
each k th burst, h (k) , has a length W chips and can be represent by Equation 2. 



— Equation 2 
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Y (k) reflects the transmitter gain and/or path loss. !L represents the burst-specific 

ris) 

fading channel response or for a group of bursts experiencing a similarly channel, tL 

represents the group-specific channel response. For uplink communications, each 

-(it) 

h (k) as well as each y (k) and L are distinct. For the downlink, all of the bursts have 

~ (*) 

5 the same L but each y (k) is different. If transmit diversity is used in the downlink, 

r (k) 

each y (k) and lL are distinct. 

The overall received vector from all K bursts sent over the wireless channel 
is per Equation 3. 

1=1 

Equation 3 

10 n is a zero-mean noise vector. 

By combining the A (k) for all data bursts into matrix A and all the unknown 
data for each burst d (k) into matrix d, Equation 1 becomes Equation 4. 
r = Ad_-\-f± 

Equation 4 

15 SIC-JD determines the received power of each k th burst. This determination 

may be based on apriori knowledge at the receiver 28, burst-specific channel 
estimation from a burst-specific training sequence, or a bank of matched filters. The 
K bursts are arranged in descending order based on the determined received power. 
Bursts having roughly the same power level, such as within a certain 

20 threshold, are grouped together and are arranged into G groups, 48. The G groups 

are arranged into descending order by their power, such as from group 1 to G with 
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group 1 having the highest received power. Figure 5 is an illustration of a SIC-JD 
device 46 performing SIC-JD based on the G groups. 

For the group with the highest received power, group 1, the symbol response 
matrix for only the bursts in group 1, A g (1) , is determined. A g (1) contains only the 
symbol responses of the bursts in group 1 . The received vector, r, is modeled for 
group 1 as x g (1) . As a result, Equation 4 becomes Equation 5 for group 1. 

Equation 5 

d g {1) is the data in the bursts of group 1 . Equation 5 addresses both the effects of inter 
symbol interference (ISI) and multiple access interference (MAI). As a result, the 
effects of the other groups, groups 2 to G, are ignored. 

The received vector, x g (1) , is matched filtered to the symbol responses of the 
bursts in group 1 by a group 1 matched filter 66 ls such as per Equation 6, 50. 

Equation 6 

y g (1) is the matched filtered result. 

A joint detection is performed on group 1 by a group 1 joint detection device 

A (1) 

6S } to make a soft decision estimate of d StSO ft , using the matched filtered result y g (1) . 

One JD approach is to compute the least-squares, zero-forcing, solution of Equation 
7. 

-(1) / H n \ l U) 

Equation 7 

A is the hermetian of A (1) . Another JD approach is to compute the minimum 
mean square error solution (MMSE) as per Equation 8. 
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<*,.*. = U" ') & 

Equation 8 

I is the Identity matrix and a 2 is the standard deviation. 

One advantage to performing joint detection on only a group of bursts is that 
the complexity of analyzing a single group versus all the signals is reduced. 

5 Since A 0) " and A (1] are banded block Toeplitz matrices, the complexity in solving 

H A' 

either Equation 7 or 8 is reduced. Additionally, Cholesky decomposition may be 
employed with a negligible loss in performance. Cholesky decomposition performed 
on a large number of bursts is extremely complex. However, on a smaller group of 
users, Cholesky decomposition can be performed at a more reasonable complexity. 

A(l) All) 

10 The soft decisions, d $tSofl , are converted into hard decisions, d g , ha rd , by soft 

to hard decision block 70, as the received data for group 1 , 54. To process the other 
weaker groups, the multiple access interference caused by group 1 onto the weaker 
groups is estimated by a group 1 interference construction block 72, using Equation 
9,56. 

f (1) = A (1) d (l ) 
!_ /\ s a^ s hard 

1 5 Equation 9 

A(l) 

r is the estimated contribution of group 1 to r. 

For the next group 2, the estimated contribution of group 1 is removed from 
the received vector, x g (1) , to produce x g (2) , such as by a subtractor 74, , as per Equation 
10,58. 

20 Equation 10 

-8- 
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As a result, multiple access interference from group 1 is effectively canceled 
from the received signal. The next strongest group, group 2, is processed similarly 
using x. (2) , with group 2 matched filter 66 2 , group 2 JD block 68 2 , soft to hard 
decision block 70 2 and group 2 interference construction block 72 2 , 60. The 
5 constructed group 2 interference, £ (2) , is subtracted, such as by subtractor 24 2 , from 

the interference cancelled signal for group 2, x[ 2) -£ (2) = x ( / ) , 62. Using this 

procedure, each group is successively processed until the final group G. Since group 
G is the last group, the interference construction does not need to be performed. 
Accordingly, group G is only processed with group G matched filter 66 G , group G 
10 JD block 68 G and soft to hard decisions block 70 G to recovery the hard symbols, 64. 

When SIC-JD is performed at a UE 14,, it may not be necessary to process all 
of the groups. If all of the bursts that the UE 14, is intended to receive are in the 
highest received power group or in higher received power groups, the UE 14, will 
only have to process the groups having its bursts. As a result, the processing 
15 required at the UE 14, can be further reduced. Reduced processing at the UE 14, 

results in reduced power consumption and extended battery life. 

SIC-JD is less complex than a single-step JD due to the dimension N c x K * 
N s matrix being replaced with G JD stages of dimension N c x n, • N s , where i = 1 to 
G. n t is the number of bursts in the i th group. The complexity of JD is proportional 
20 to the square to cube of the number of bursts being jointly detected. 

An advantage of this approach is that a trade-off between computational 
complexity and performance can be achieved. If all of the bursts are placed in a 
single group, the solution reduces to a JD problem. The single grouping can be 
achieved by either forcing all the bursts into one group or using a broad threshold. 
25 Alternately, if the groups contain only one signal or only one signal is received, the 

solution reduces to a SIC-LSE problem. Such a situation could result using a narrow 
threshold or forcing each burst into its own group, by hard limiting the group size. 
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By selecting the thresholds, an optional tradeoff between performance and 
complexity can be achieved. 

Figures 6 to 12 are simulation results that compare the bit error rate (BER) 
performance of SIC-JD to full JD and RAKE- like receivers under various multi-path 

5 fading channel conditions. The parameters chosen are those of the 3G UTRA TDD 

CDMA system: SF = 61 and W = 57. Each TDD burst/time-slot is 2560 chips or 
667 microseconds long. The bursts carry two data fields with N s QPSK symbols 
each, a midamble field and a guard period. Each simulation is run over 1000 
timeslots. In all cases the number of bursts, K is chosen to be 8. All receivers are 

10 assumed to have exact knowledge of the channel response of each burst, which is 

used to perfectly rank and group the bursts. The channel response is assumed to be 
time-invariant over a time-slot, but successive time-slots experience uncorrelated 
channel responses. No channel coding was applied in the simulation. The JD 
algorithm jointly detects all K bursts. The RAKE-like receiver was a bank of 

15 matched filters, /" = A (i> " r (i) , for an i Ih burst's code. The maximal ratio combiner 

(MRC) stage is implicit in these filters because they are matched to the entire 
symbol-response. 

The performance was simulated under fading channels with multi-path 
profiles defined by the ITU channel models, such as the Indoor A, Pedestrian A, 

20 Vehicular A models, and the 3 GPP UTRA TDD Working Group 4 Case 1 , Case 2 

and Case 3 models. In Vehicular A and Case 2 channels, the SIC-JD suffered a 
degradation of up to 1 decibel (dB) as compared to the full JD in the 1% to 10% 
BER range. For all other channels, the SIC-JD performance was within 0.5 dB of 
that of the full JD. Since Vehicular A and Case 2 represent the worst-case amongst 

25 all cases studied, only the performance plots are shown. Amongst all channels 

simulated, Vehicular A and Case 2 have the largest delay spread. Vehicular A is a 
six tap model with relative delays ofO, 310,710, 1090, 1730 and 2510 nanoseconds 
and relative average powers of 0, -1, -9, -10, -15 and -20 decibels (dB). Case 2 is a 
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3 tap model all with the same average power and with relative delays of 0, 976 and 
1200 nanoseconds. 

Figures 6 and 7 compare the bit error rate (BER) vs. the chip-level signal to 
noise ratio (SNR) performance of the SIC-LSE receiver with the full JD and RAKE- 

5 like receivers under two multi-path fading channel conditions. The group size is 

forced to be 1, to form K groups, both, at the transmitter and receiver. The 
theoretical binary phase shift keying (BPSK) BER in an additive white gaussian 
noise (AWGN) channel that provides a lower bound to the BER is also shown. The 
BER is averaged over all bursts. Figure 6 represents the distinct channel case 

10 wherein each burst is assumed to pass through an independently fading channel but 

all channels have the same average power leading to the same average SNR. Thus, 

in this case, £''',/= are distinct while y (l "\i =h--K are all equal. Such a 

situation exists in the uplink where the power control compensates for long-term 
fading and/or path-loss but not for short-term fading. At each time-slot, the bursts 
15 were arranged in power based upon the associated h U) J = b-K . Figure 7 shows 

similar plots for the common channel case. All bursts are assumed to pass through 
the same multi-path channel, i.e., = h-K and are all equal, but with different 

y (i) J = 1 — . The <5 (,) are chosen such that neighboring bursts have a power 
separation of 2 dB when arranged by power level. Such difference in power can 

20 exist, for instance, in the downlink where the base station 12! applies different 

transmit gains to bursts targeted for different UEs 14 X to 14 3 . Figures 6 and 7 show 
that in the range of 1% to 10% bit error rate (BER), the SIC-LSE suffers a 
degradation of less than 1 dB as compared to the JD. This is often the range of 
interest for the uncoded BER (raw BER). The RAKE receiver exhibits significant 

25 degradation, since it does not optimally handle the ISI. As the power differential 

between bursts increases, the performance of SIC-LSE improves. Depending upon 
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the channel a power separation of 1 to 2 dB is sufficient to achieve a performance 
comparable to that of the full JD. 

Figures 8, 9, 10 and 1 1 compare the BER vs. SNR performance of the SIC-JD 
receiver with the full JD and RAKE-like receivers under two multi-path fading 
channels. The 8 codes are divided into 4 groups of 2 codes each at the transmitter 
and receiver. The BER is averaged over all bursts. Figures 8 and 9 represent the 
distinct channel case wherein different groups are assumed to pass through 
independently fading channels. However, all channels have the same average power 
leading to the same average SNR. All bursts within the same group are subjected to 

an identical channel response. In this case, } >g = 1- • - G are all distinct, but the 

channel responses, ftj°,f =h- n g , for each burst in the group are equal. n g is the 

number of bursts in the g th group. This potentially represents a multi-code scenario 
on the uplink, where each UE 14, transmits two codes. The SIC-JD receiver 28 
groups the multi-codes associated with a single UE 14j into the same group, thus 
forming 4 groups. Figures 10 and 11 represent the common channel case. All 

groups are assumed to pass through the same multi-path channel, i.e., £ ( g ' , g = 1- • • n g 

are all equal, but with different Y g > 8 = 1 " * * G . The Y* are chosen such that, when 
arranged according to power, neighboring groups have a power separation of 2 dB. 
This potentially represents a multi-code scenario on the downlink where the base 
station 12, transmits 2 codes per UE 14^ Figures 10 and 1 1 show a trend similar to 
that observed for the SIC-LSE shown in Figures 8 and 9. SIC-JD has a performance 
comparable (within a dB) to the JD in the region of 1% to 10% BER, which is the 
operating region of interest for the uncoded BER. Depending upon the channel, a 
power separation of 1 to 2 dB is sufficient to achieve a performance of SIC-LSE 
comparable to that of the full JD. As shown, performance improves as the power 
separation between bursts increases. 
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Figure 12 is similar to Figure 10, except that there are only two groups with 
4 bursts each. As shown in Figure 12, SIC-JD has a performance comparable 
(within a dB) to JD in the region of 1% to 10% BER. 

The complexity of SIC-JD is less than full JD. The reduced complexity stems 
from the replacement of a single-step JD which is a dimension N e x£ • N t with G 
JD stages of dimension N c xn r N„ i=l—G . Since, typically, JD involves a matrix 
inversion, whose complexity varies as the cube of the number of bursts, the overall 
complexity of the multi-stage JD can be significantly lower than that of the single- 
stage full JD. Furthermore, the complexity of the SIC part varies only linearly with 
the number of bursts, hence it does not offset this complexity advantage 
significantly. For instance, the complexity of the G-l stages of interference 
cancellation can be derived as follows. Since successive column blocks of A<° are 

( i ) 

shifted versions of the first block and assuming that elements of d_ gMri belong to 1 
of 4 QPSK constellation points, the 4 ■n i possible vectors can be computed that are 
needed in computing the product A ( p t g \ a rd ■ This ste P requires 

n G-l 

4a-(SF +W -1) • Y n million real operations per sec (MROPS). a = 4 is the 

number of real operations per complex multiplication or multiply and accumulate 
(MAC). Rate is the number of times the SIC-JD is performed per second. With 
these 4 -H; vectors already computed, the computation of jc ( s ' +1) requires 

— • N s ■ (SF + W - 1) • Rat ( e ^ »; MROPS . The factor of — comes from the fact that 
2 10 j= , 

only complex additions are involved. Hence, only 2 real operations are required for 
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each complex operation. It then follows that the complexity of G -1 stages of 
interference cancellation can be expressed by Equation 1 1 . 

2=a(Sf+ ,. 1 ,( 4+ i).-|„, 

Equation 11 

5 The complexity of converting soft to hard decisions is negligible. 

There are several well-known techniques to solve the matrix inversion of JD. 
To illustrate the complexity, an approach using a very efficient approximate 
Cholesky factor algorithm with negligible loss in performance as compared to the 
exact Cholesky factor algorithm was used. The same algorithm can be employed to 

10 solve group- wise JD. The complexity of the full JD and the SIC-JD for the 3 GPP 

UTRA TDD system is shown in Table 1. Table 1 compares their complexity for 
various group sizes. It can be seen that as K increases or as the group size decreases 
the complexity advantage of the SIC-JD over the full JD increases. The complexity 
for group size 1, of the SIC-LSE, varies linearly with K and is 33% that of the full 

15 JD for K = 1 6. Note that maximum number of bursts in the UTRA TDD system is 

16. The complexity advantage of the SIC-JD over full JD will be even more 
pronounced when the exact Cholesky decomposition is employed. Exact Cholesky 
decomposition's complexity exhibits a stronger dependence on K, leading to more 
savings as the dimension of the JD is reduced via SIC-JD. 



Total number 
of bursts 


Complexity of the SIC-JD expressed as a percentage of the 
complexity of the single-step JD of all K bursts 




K groups of 
size 1 each 
(SIC-LSE) 


K / 2 groups 
of size 2 each 


K / 4 groups 
of size 4 each 


K / 8 groups 
of size 8 each 


8 


63 % 


67 % 


76% 


100% 


16 


33 % 


36 % 


41 % 


57 % 



Table 1 
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As shown in Table 1, when the number and size of codes is made completely 
adaptive on an observation interval-by-observation interval basis, the SIC-JD 
provides savings, on average, over full JD. Since, on average, all bursts do not arrive 
at the receiver with equal power, depending upon the grouping threshold, the size of 
the groups will be less then the total number of arriving bursts. In addition, a 
reduction in peak complexity is also possible if the maximum allowed group size is 
hard-limited to be less than the maximum possible number of bursts . Such a scheme 
leads to some degradation in performance when the number of bursts arriving at the 
receiver with the roughly the same power exceeds the maximum allowed group size. 
Accordingly, SIC-JD provides a mechanism to trade-off performance with peak 

complexity or required peak processing power. 

* * * 
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CLAIMS 

What is claimed is: 

1 . A method for use in receiving a plurality of data signals transmitted 
over a shared spectrum in a time slot in a time division duplex communication 
system using code division multiple access, the method comprising: 

receiving a combined signal over the shared spectrum in the time slot; 
grouping the plurality of data signals into a plurality of groups; 
match filtering the combined signal based on in part symbol responses 
associated with the data signals of one of the groups; 

jointly detecting data from each data signal in the one group; 

constructing an interference signal based on in part the one group detected 

data; 

subtracting the constructed interference signal from the combined signal; and 
determining data from a group other than the one group by processing the 
subtracted signal. 

2. The method of claim 1 wherein the jointly detecting is performed using 
least squares estimation. 

3 . The method of claim 1 wherein the jointly detecting is performed using 
minimum mean square error estimation. 

4. A method for use in receiving a plurality of data signals transmitted 
over a shared spectrum in a time slot in a time division duplex communication 
system using code division multiple access, the method comprising: 

(a) receiving a combined signal as an input signal over the shared 
spectrum in the time slot; 

(b) grouping the plurality of data signals into a plurality of groups, at least 
one of the groups having a plurality of data signals; 
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(c) match filtering the input signal based on in part symbol responses 
associated with each data signal of a first group of the groups; 

(d) jointly detecting data from each data signal in the first group; 

(e) constructing an interference signal based on in part the first group 
detected data; 

(f) subtracting the constructed interference signal from the input signal as 
an input signal for subsequent processing; 

(g) match filtering the subtracted signal based on in part symbol responses 
associated with the data signal of a subsequent group of the groups; 

(h) jointly detecting data from each data signal in the subsequent group; 

and 

(i) successively repeating steps (e) through (h) for remaining groups of the 
plurality of groups where, for each remaining group, the subsequent group acts as 
the first group for that remaining group and that remaining group acts as the 
subsequent group. 

5 . A method for use in a receiver for receiving a plurality of data signals 
transmitted over a shared spectrum in a time slot in a time division duplex 
communication system using code division multiple access, the method comprising: 

receiving a combined signal over the shared spectrum in the time slot; 
estimating a received power level for each data signal; 
selectively grouping data signals of the plurality of data signals based on in 
part the received power level of the data signals into at least one group; and 

separately detecting data within each group for that group's data signals. 

6. The method of claim 5 wherein the estimating the received power level 
for each data signal is based on in part apriori knowledge at the receiver. 
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7 . The method of claim 5 wherein the estimating the received power level 
for each data signal is based on in part a power level of a training sequence 
associated with each data signal. 

8 . The method of claim 5 wherein the estimating the received power level 
for each data signal is performed using a bank of matched filters, each matched filter 
matched to a code of a respective one of the data signals. 

9. The method of claim 5 wherein the selectively grouping data signals 
groups data signals within a certain threshold power level into a group. 

1 0. The method of claim 9 wherein the certain threshold power level is one 
decibel. 

11. The method of claim 9 wherein the certain threshold is adjusted to 
achieve a desired bit error rate at the receiver. 

12. The method of claim 5 further comprising forcing all of the data 
signals into a single group to override the step of selectively grouping. 

1 3 . The method of claim 5 further comprising forcibly grouping each data 
signal into its own group to override the step of selectively grouping. 

14. A method for use in a receiver for adjusting a trade-off between 
complexity and performance in detecting data from data signals transmitted over a 
shared spectrum in a time slot in a time division duplex communication system using 
code division multiple access, the method comprising: 
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5 grouping the data signals into at least one group; wherein to reduce the 

complexity, increasing a number of data signal groups, and to increase the 
performance, decreasing a number of data signal groups; and 
jointly detecting data in each group. 

15. The method of claim 14 further comprising: 

determining a received power of each data signal; wherein the grouping is 
performed so that all data signals within each group are within a certain threshold 
power level and to reduce complexity, the certain threshold is increased and to 
5 increase performance, the certain threshold is reduced. 

1 6 . The method of claim 1 4 wherein to reduce the complexity, each group 
contains one of the data signals. 

17. The method of claim 14 wherein to increase the performance, the at 
least one group is a single group. 

18. A receiver for use in a time division duplex communication system 
using code division multiple access, the system communicating using multiple 
communication bursts in a time slot, the receiver comprising: 

an antenna for receiving radio frequency signals including the multiple 
5 communication bursts; 

a demodulator for demodulating radio frequency signals to produce a 

baseband signal; 

a channel estimation device for estimating a channel response for the bursts; 
a successive interference cancellation joint detection (SIC-JD) device 

10 comprising: 

a first joint detection block for detecting data within the baseband signal for 
a first group of bursts of the multiple bursts; 
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a first interference construction block for constructing an estimate of 
interference of the first group bursts; 

a subtractor for subtracting the first group interference from the baseband 
signal; and 

a second joint detection block for detecting data within the subtracted signal 
for a second group of bursts of the multiple bursts. 

19. The receiver of claim 1 8 wherein the SIC-JD device further comprises: 
a plurality of additional joint detection blocks for detecting data for additional 

groups of bursts of the multiple bursts. 

20. The receiver of claim 1 8 wherein the SIC-JD device further comprises : 
a first matched filter for processing the baseband signal to match symbol 

responses of the data signals in the first group; and 

a second matched filter for processing the subtracted signal to match symbol 
responses of the data signals in the second group. 

2 1 . The receiver of claim 1 8 wherein an output of the first and second j oint 
detection blocks are soft symbols, the SIC-JD device further comprising a first and 
second soft to hard decision block for converting the first and second joint detection 
block outputs into hard symbols. 

22. A device for use in a receiver of a time division duplex communication 
system using code division multiple access, the system communicating using 
multiple communication bursts in a time slot, the device comprising: 

an input configured to receive a baseband signal associated with received 
bursts within a time slot; 

a first joint detection block for detecting data within the baseband signal for 
a first group of bursts of the received bursts; 
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a first interference construction block for constructing an estimate of 
interference of the first group bursts; 

a subtracter for subtracting the first group interference from the baseband 

signal; and 

a second joint detection block for detecting data within the subtracted signal 
for a second group of bursts of the received bursts. 

23. The device of claim 22 further comprising additional joint detection 
blocks for detecting data for additional groups of bursts of the multiple bursts. 

24. The device of claim 22 further comprising: 

a first matched filter for processing the baseband signal to match symbol 
responses of the received bursts of the first group; and 

a second matched filter for processing the subtracted signal to match symbol 
responses of the received bursts of the second group. 

25 . The device of claim 22 wherein an output of the first and second joint 
detection blocks are soft symbols, the device further comprising a first and second 
soft to hard decision block converting the first and second joint detection block 
outputs into hard symbols. 
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SUBTRACT THE GROUP 1 INTERFERENCE SIGNAL FROM 
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■10 -5 0 5 10 

SNR ( dB ) A vera g e ber vs. average SNR per burst Total of 8 bursts divided into 
8 groups with 1 burst per group. Multi-path profile is of the 3GPP WG4 
Case 2 type. All 8 bursts have the same average SNR but pass through 
uncorrelated channel. 
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FIG. 7 



5 10 
Average BER vs. average SNR per burst Total of 8 bursts divided into 
8 groups with 1 burst per group. Multi-path profile is of the 3GPP WG4 
Case 2 type. All 8 bursts pass through a common channel but their 
average SNR is separated by 2 dB. 
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FIG. 8 



5 10 

Average BER vs. average SNR per burst Total of 8 bursts divided into 
4 groups with 2 bursts per group. All bursts in the same group are subjected 
to the same channel. All 4 groups have the same average SNR but pass 
through uncorrected channels with multi-path profile of type ITU Vehicular A. 
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FIG. 9 




Average BER vs. average SNR per burst Total of 8 bursts divided into 
4 groups with 2 bursts per group. All bursts in the same group are subjected 
to the same channel. All 4 groups have the same average SNR but pass 
through uncorrected channels with multi-path profile of type 3GPP WG4 Case 2. 
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FIG. 1 0 



Average BER vs. average SNR per burst Total of 8 bursts divided into 4 groups 
with 2 bursts per group. All bursts in the same group are subjected to the same 
channel. All 4 groups pass through a common channel but their average SNR is 
seperated by 2 dB. Multi-path profile is of type ITU Vehicular A. 
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FIG. 1 1 



Average BER vs. average SNR per burst Total of 8 bursts divided into 4 groups 
with 2 bursts per group. All bursts in the same group are subjected to the same 
channel. All 4 groups pass through a common channel but their average SNR is 
seperated by 2 dB. Multi-path profile is of type 3GPP WG4 Case 2. 
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FIG. 1 2 



Average BER vs. average SNR per burst Total of 8 bursts divided into 2 groups 
with 4 bursts per group. All bursts in the same group are subjected to the same 
channel. All groups pass through a common channel but their average SNR is 
seperated by 2 dB. Multi-path profile is of type ITU Vehicular A. 
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(57) Abstract: Leaks are detected 
by wrapping a vessel such as a pipe 
(10) or tank (28) in a skin (14, 14A, 
30) which traps escaping fluid (12) at 
least long enough to direct it, in the 
vicinity of the leak, towards a sensor 
line (16) employing fibre optics to 
detect the fact of a leak and to detect 
how far along the a fibre optic line 
the leak exists. The skin (14, 14A, 
30) can be longitudinally applied 
or wrapped onto the vessel (10, 28). 
Bindings (24) can be used to attach 
the skin (14, 14 A, 30) to the outside 
of the vessel (10, 28). Sensor line 
(16) couplings (26) can be employed 
between lengths of pipe (10) to 
create monitored sections of pipe 
(10) which can be joined together. 
Sensor lines (16) can be applied to 
the outer surface of a vessel (10, 28) 
and covered with the skin (14, 14 A, 
30). Sensor lines (16) can be stuck 
or woven into the skin (14, 14 A, 30) 
incorporates elastic ridges (18, 18A, 
18C) which face the vessel and direct 
escaping fluid towards the sensor 

line (16). A control system (46, 40, 48, 44) is provided to shut down a tank (28) or pipeline (36, 38), at least in the vicinity of a 
leak, if a leak is detected, and can include shutting down pumps (40), closing valves, and voiding items (10, 28) subject to the leak. 
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Method and Apparatus for Leak Detection and Location 

The present invention relates to a method and apparatus for 
detecting leaks. The invention particularly relates to 
5 detecting fluid (liquid or gaseous) leaks in vessels such as 
pipelines and storage tanks. 

Pipelines are vessels used for conducting fluids, such as gas, 
water, chemicals or oil, from geographical place to 

10 geographical place, or, in an industrial setting, between 

tanks, between processes, or between processes and tanks and 
vice versa. Tanks are vessels used for temporary or permanent 
bulk storage, where the fluid enjoys at least a temporary 
period of non-movement. There is often a need to detect 

15 whether or not a pipe or tank is leaking. Often, this is done 
by visual inspection, by which time any damage done by the 
escaping fluid has already occurred, or is done by flow 
measurements where it is noted that the ingress of fluid 
volume or quantity is greater than the egress of fluid volume 

20 or quantity. In a tank, a leak becomes apparent either by 
inspection or by noting that the content of the tank has 
decreased over the sum of its inflow and outflow. The prior 
art is silent upon any method which will detect a leak, as it 
occurs anywhere in the system or tank under surveillance. The 

25 prior art is also silent upon any method automatically to 
locate the position of a leak as it occurs. 

The present invention seeks to provide a method and apparatus 
for the rapid detection of the occurrence of a leak anywhere 
30 in a vessel or system of vessels under surveillance and the 
rapid determination of the location of the leak. The present 
invention also seeks to provide a method and apparatus whereby 
a leak, anywhere in a system of vessels under surveillance, 
can be shut down at the moment of detection. 



35 
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According to a first aspect, the present invention consists in 
an apparatus for determining the occasion and location of a 
fluid leak in a vessel, said apparatus comprising: a sensor 
line, on the outside of the vessel, for detecting where, along 
5 the length of the sensor line the sensor line is in contact 
with the fluid; and a skin, for use on the outside of the 
vessel and operative to direct leaked fluid towards the sensor 
line in the vicinity of any leak. 

10 According to a second aspect, the present invention consists 
in a method for determining the occasion and location of a 
fluid leak in a vessel, said method including the steps of: 
disposing a sensor line, on the outside of the vessel, for 
detecting where , along the length of the sensor line the 

15 sensor line is in contact with the fluid; disposing a skin on 
the outside of the vessel; and employing said skin to direct 
leaked fluid towards the sensor line in the vicinity of any 
leak. 

20 The invention further provides that the said skin is 

operative, at least temporarily, to contain fluid, leaked from 
the vessel. 

The invention further provides that the skin is operative to 
25 enclose both the vessel and the sensor line. 

The invention further provides that the vessel can be a pipe, 
that the sensor line is disposable longitudinally along the 
pipe, that the skin comprises elastic ridges, to be pressed 

30 against the outer surface of the pipe, that the elastic ridges 
are operative to inhibit fluid flow in a longitudinal 
direction along the outside of the pipe, and that the elastic 
ridges are operative to direct fluid flow on the outside of 
the pipe in a circumferential direction towards the sensor 

35 line. 
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The invention further provides that the skin can be disposed 
longitudinally along the outside of the pipe and can be 
closed, longitudinally, by means of a securing cover 

The invention further provides that the skin can be helically 
wrapped about the pipe. 

The invention further provides that the skin can be further 
fixed onto the outside of the pipe by means of spaced bands. 



The invention further provides that the vessel can be a tank, 
that the sensor line can be disposed on the outer surface of 
the tank, that the skin can comprise elastic ridges, to be 
pressed against the outer surface of the tank, that the 
15 elastic ridges can be operative to form containment zones to 
contain and accumulate fluid from any leak for the 'f luid to 
come into contact with the sensor line. 



The invention further provides that the skin can be wrapped 
20 around the outside of the tank in a close helix, that the skin 
can comprise partial containment zones, and that a partial 
containment zone in one coil of the helix can co-operate with 
a partial containment zone in an adjacent coil of the helix to 
contain and accumulate fluid from any leak for the fluid to 
25 come into contact with the sensor line. 



The invention further provides that the sensor line can be 
incorporated into the fabric of the face of the skin which is 
for presentation to the outside surface of the vessel. 

30 

The invention further provides that the sensor line can be a 
fibre optic line. 

The invention is further explained, by way of example, by the 
35 following description, in conjunction with the appended 
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drawings, in which: 

Figure 1 shows a cross sectional view of a vessel in the form 
of a pipe to which the present invention has been applied. 

5 

Figure 2 shows an opened out view of the skin enclosing the 
pipe of figure 1. 

Figure 3 shows one way of attaching the skin, of Figures 1 & 
10 2, to a pipe. 

Figure 4 shows another way that a skin may be applied to a 
pipe. 

15 Figure 5 is an example of the skin, which can be used in 
Figure 4. 

Figure 6 is an angled view of the pipe, shown in Figure 1. 

20 Figure 7 illustrates how sensor lines may be incorporated into 
the skin otherwise shown in Figure 2. 

Figure 8 is an example of how sensor lines may be incorporated 
into the skin, otherwise shown in Figure 5. 

25 

Figure 9 is a drawing of a vessel in the form of a tank 
showing how a skin may be applied thereto, not only to detect 
a leak, but to determine at what part of the tank the leak is 
occurring. 

30 

Figure 10 is a view of the ridge structure of a skin suitable 
for use on the tank of Figure 9, and showing how sensor lines 
may be applied thereto. 
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Figure 11 is a cross sectional view of a pipeline showing how 
sensor lines can be attached other than at the top of a pipe 
and how the skin need not provide containment of leaking 
fluid, merely direction toward the sensor line. 

And 

Figure 12 is a projected schematic view of an exemplary 
pumping system, according to the present invention, showing a 
control system suitable for monitoring a pipeline for leaks, 
for shutting down the pipeline when a leak is detected, and 
for providing rapid indication of the location of the leak. 

Attention is drawn to Figure 1. A pipe 10, carrying a fluid 
load 12, is surrounded by a containment skin 14. Within the 
containment skin 14, and on top of the pipe 10, a sensor line 
16 is provided. 

The fluid load 12 can be gaseous or liquid. It can consist of 
chemical gases, fuel gases, hydrocarbons, oil, water, food 
stuffs such as milk, chemical liquids and, indeed, just about 
any type of thing that can be driven along a pipe 10. 

Part of the purpose of the skin 14 is to protect the sensor 
line 16 when the pipe 10 is buried in the ground, encased in 
concrete, or otherwise exposed to a harsh surrounding 
environment. Another purpose of the containment skin 14 is, 
at least temporarily, to contain any of the fluid load 12 
which may escape from the pipe 10 at least long enough to duct 
the escaping fluid load 12 towards the sensor line 16. 

The sensor line 16 is, in the preferred embodiment of this 
invention, a fibre optic line which, as is well known to those 
skilled in the art, can be adapted and used to detect, among 
other things, moisture, specific chemicals, changes in 
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temperature, oil and natural gas. The present invention can 
also employ any other elongated sensor or array of sensors, 
including spaced gas, chemical oil, temperature and other 
sensors. More than one sensor line 16 can be provided. 

5 

By placing the sensor line 16 on top of the pipe 10, the 
sensor line 16 avoids contact with accumulated contaminants 
and debris which might accrete in the bottom of the skin 14, 
and ensures, thereby, that the sensor line 16 responds only to 
10 true leaks. As will become clear from the description of 

Figure 11, other arrangements are possible within the scope of 
the present invention. 

Attention is drawn to Figure 2, showing the face of the skin 
15 14 applied to the pipe 10. The reverse face of the skin 14 is 
smooth. The skin 14 comprises elastic ridges 18 which are 
wrapped circumf erentially around the pipe 10 and held in place 
by a securing cover 20 which can be used to close the skin 14 
by means of adhesives or other gripping means, and also serves 
20 to protect the sensor line 16 and to maintain it in position 
on top of the pipe 10. 

Should a leak occur, the circumferential elastic ridges 18, 
against the face of the pipe 10, prevent the escaping fluid 12 

25 from moving longitudinally along the pipe 10. Any fluid 

escape is ducted substantially circumf erentially around the 
pipe at the location where it occurred. As is known in the 
art, a fibre optic sensor line 16 can detect the position 
along its length where interaction with a selected or 

30 detectable fluid has occurred. By confining the leaking fluid 
12 to the point where the leak occurred, at least long enough 
for the escaping fluid to encounter the sensor line 16, and by 
sensing the position of interaction of the fibre optic sensor 
line 16 with the fluid, ducted towards the fibre optic sensor 

35 line 16, it is possible to obtain a very rapid detection of 
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the fact that a leak has occurred and to find the position of 
that leak, with great accuracy. Distance along the fibre 
optic sensor line 16 is measured by finding the time delay for 
light travelling along the fibre optic sensor line 16. 

5 

The lower portion of Figure 2 is a side view of the skin 14, 
looking in the direction of the arrow 22, showing the elastic 
ridges 18 in profile. 

10 Attention is drawn to Figure 3 showing one way in which the 
skin 14 of Figure 1 can be attached to a pipe 10 (shown in 
phantom outline) by means of spaced bands 24 braced over the 
skin 14 at intervals along the pipe 10, not only to hold the 
skin 14 onto the pipe 10 but also to improve the ability of 

15 the skin 10 longitudinally to trap escaping fluid from the 

pipe 10. Couplings 26 allow the sensor line 16 to be coupled 
to sensor lines 16 on adjacent pipes 10. The arrangement 
shown in Figure 3 constitutes a complete and portable pipe 10 
unit which can be moved and installed as an entirety. 

20 

Attention is drawn to Figure 4 showing another way in which a 
spiral skin 14A can be helically wrapped around the pipe 10 
(shown in phantom outline) . 

Figure 5 shows the arrangement of elastic ridges 18A on the 
25 spiral skin 14A. It is perceived that the elastic ridges 18A 
are longitudinal in the sense of direction of the spiral skin 
14A, and when wrapped around the pipe 10 in a close fitting 
helical fashion, the elastic ridges 18A in the spiral skin 14A 
form a more or less vertical (circumferential) pattern which 
30 contains any leak in the vicinity of the sensor line 16. In 
the example shown in Figure 4, the sensor line 16 is simply 
placed on top of the pipe 10 and the spiral skin 14A wrapped 
around the pipe 10. As will later be seen, better 
arrangements than this can be made. The elastic ridges 18, 
35 18A can be provided at various angles to the longitudinal 
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direction of the skin 14, dependently upon the intended manner 
of attachment thereof to the pipe 10. 

The arrangement shown in Figure 4 can further be improved by, 
5 in addition to helical wrapping, employing spaced bands 24 as 
illustrated in Figure 3. 

Attention is drawn to Figure 6, showing, for clarity, a 
projected view of the cross section of Figure 1, and showing, 

10 in particular, how the sensor line 16 is enclosed by and 

protected by the securing cover 20. The containment skin 14, 
shown in Figure 6, is shown cut away to cover only a portion 
of the surface of the pipe 10 so that the disposition of the 
sensor line 16 can be seen. While the sensor line 16 is shown 

15 covered by the securing cover 20, it is to be understood that 
the skin 14 can be secured to the pipe 10 by other means and 
the sensor line 16 left uncovered by the skin 14 simply to 
have any escaping fluid 12 ducted in its direction. 

20 Attention is drawn to Figure 7 showing one way in which one or 
more sensor lines 16 can be threaded, permanently, through the 
material or fabric on the inside of the containment skin 14, 
otherwise shown in Figure 2. If the inner face of the 
containment skin 14 contains any woven fabric element, the 

25 sensor line 16 can simply be woven into the fabric. 

Otherwise, the sensor line 16 can simply be moulded into or 
attached to the inner surface of the containment skin 14. 

Figure 8 shows a manner in which sensor lines 16 can be 
30 applied as an integral part of the spiral skin 14A shown in 
Figures 4 and 5. One or more sensor lines 16 are placed on 
the inner surface of the spiral skin 14A to run in the spaces 
between the elastic ridges 18A in the spiral skin 14A. They 
can be incorporated in just the same manner as was earlier 
35 described for Figure 7. 
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Attention is next drawn to Figure 9 showing an application of 
the present invention to a tank 28 containing a fluid, A tank 
skin 30 is wrapped around the tank 28, here shown wrapped in a 
spiral manner but other manners are possible, to cover the 
5 surface of the tank 28 as much as possible. The sensor line 
16 leads all around the helical wrapping of the tank skin 30 
and is accessible at either end via couplings 26A. 

Attention is drawn to Figure 10 showing the face of the tank 

10 skin 30 which faces the tank 28. Elastic ridges 18C form 

entire containment zones 32 in the centre of the tank skin 30 
and partial containment zones 34 at the sides thereof and 
extending on either side, away from the entire containment 
zone 32 to the edge of the tank skin 30. When pressed against 

15 the tank 28, the entire containment zones 32 keep any escaping 
fluid, at least temporarily, from moving. The partial 
containment zones 34 co-operate with partial containment zones 
in adjacent wraps of the tank skin 30 to form at least a 
temporary containment area for escaping fluid. The sensor 

20 line 16, in the example shown, is provided only through the 
entire containment zone 32 and through one of the partial 
containment zones 34. As the tank skin 30 is wrapped, the 
sensor line 16 in the adjacent wrap of tank skin 30 acts to 
provide a sensor line 16 in a co-operation of partial 

25 containment zones where one is not present on the adjacent 
tank wrap 30. Since it is possible to measure the distance 
along the fibre optic sensor line 16, it is possible to 
measure where, on the surface of the tank 28 a leak has 
occurred. By knowing which portion of the tank 28 is covered 

30 by which portion of the tank skin 30, the location of a leak 
can be rapidly determined. 

Attention is next drawn to Figure 11, showing the cross 
sectional pipe arrangement of Figure 1, but with a different 
35 arrangement for the relative position of the sensor line 16. 
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The sensor line 16 is, for preference, provided at the top of 
the pipe 10. However, as is clear if more than one sensor line 
is used, the sensor line 16 may be otherwise disposed on the 
pipe 10. Figure 11 shows the sensor line 16 in a first 
5 position near the base of the pipe 10. The sensor line 16 is 
also shown in a second position where it is part way up the 
pipe 10. The sensor line can be attached, in varying positions 
on the pipe 10 by means of adhesives, tapes and spaced bands. 
All that is important is that the sensor line is in a position 

10 to interact with the escaping fluid 12, should an escape 

occur. The sensor line 16 can be longitudinally disposed along 
the pipe, or can be spirally wound around the pipe 10 in an 
arrangement incorporating the arrangement of the spiral skin 
14A of Figure 4 with an incorporated sensor lines 16 or lines 

15 16 as shown in Figure 7 and Figure 8. 

The elastic ridges 18 18A, shown in Figures 2, 5, 7, 8 and 10, 
can also be otherwise provided, according the present 
invention. The ridges 18 18A 18C may restrict the escaping 

20 fluid 12 from longitudinal migration along the pipe 10 . 
However, localisation of the escaping fluid 12 is only 
necessary for enough time for the fluid 12 to reach the sensor 
linel6 . Thus, arrangements of ridges 18 18A 18C, right down 
to there being no ridges 18, 18A 18B present, merely a 

25 conformal skin that spreads the escaping fluid across the 

surface of the pipe 10 at least as far as the sensor line, can 
also be provided and can work according the the present 
invention. 

30 The skin 14 need not contain escaping fluid. The invention 

also functions if the fluid 12 can escape. The skin, in Figure 
11, shows a means of egress for the fluid, just to emphasize 
this point, where the securing cover 20 does not provide a 
fluid tight enclosure around the pipe 10. 



35 
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Attention is drawn to Figure 12 showing a projected schematic 
diagram illustrating how the present invention provides a 
control feature for tanks or pipelines. 

5 An exemplary pipeline 3 6 comprises one or more pipeline 

sections 38 between pumping stations 40 through which a fluid 
is propelled as illustrated by arrows 42. The pipeline 36 
could equally well be a tank. 

10 A sensor line 16D is provided for leak detection on one or 

more adjacent pipeline or tank sections 38 and is driven and 
monitored by a sensor driver 44 which provides laser light, 
laser detectors, timers and all the other apparatus which, as 
is already known in the art, is necessary for the detection 

15 and location of a fluid leak. A monitor 46 receives output 
from the sensor driver 44 and displays the current state of 
the monitored pipeline 36 or tank . As soon as the monitor 46 
detects that a leak has occurred, it sends an operating signal 
to a pump controller 48 which sends a control signal to each 

20 pumping station 40 on the monitored pipeline 38 or tank 

causing each pumping station 40 to shut down. The monitor 46 
can then provide humanly interpretable input for assessing the 
progress of leak repair and recovery. 

25 The pump controller 48 could equally receive its operating 

signal directly from the sensor driver. The operating signal 
for the pumping stations 40 can be provided to all pumping 
stations 40 on the monitored and controlled pipeline 36or 
tank, or can be provided only to that pumping station 40 or 

30 those pumping stations 40 which is or are nearest to and 

contain the loss of fluid from the leak. In this example, the 
pipeline 3 6 or tank is provided with pumping stations. The 
invention provides that a pipeline or tank can comprise 
pumping stations, stop valves, and, indeed, any device which 

35 can be applied or ceased to be used in order to shut down the 
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loss of fluid flow from the pipeline 36 or tank whenever a 
leak is detected. This can comprise shutting down all flow. It 
can also comprises starting fluid movement out of the damaged 
section to prevent leakage loss, or a combination of both 
5 techniques. Thus, one pumping station 40 can be shut down in a 
pipeline 36 upstream of a leak and flow towards the leak 
stopped, while pumping downstream of the leak can be continued 
or enhanced to empty the pipeline 36. A monitored tank can 
have its inflow stopped while its outflow continues until the 
10 tank is empty, or until leakage stops as, for example, when 
the level in the lank falls below the height of the leak of 
until leakage is no longer detected. 

The invention also provides that the sensor driver 44 can 
15 drive and monitor more than one sensor line 16D, either in the 
same pipeline (or tank) section 38 (where more than one 
indication of a leak can be employed to confirm a leak and 
prevent falsely indicated shutdowns) or in different pipeline 
(or tank) sections 38. 

20 

While it is implicit in the disclosure of the invention, it is 
here stated, for clarity, that the skin or skins 14 14A 30 can 
be flexible for wrapping around pipes, tanks and any other 
vessels to which the invention can be applied and that the 
25 invention, as described and claimed, can be retrofitted to 
existing pipes, tanks and other vessels. 

The invention has so far been described by way of example. 
The invention is further described by the following claims. 

30 



35 
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Claims 

1. An apparatus for determining the occasion and location 
of a fluid leak in a vessel, said apparatus comprising: a 

5 sensor line, on the outside of the vessel, for detecting 

where, along the length of the sensor line the sensor line is 
in contact with the fluid; and a skin, for use on the outside 
of the vessel and operative to direct leaked fluid towards the 
sensor line in the vicinity of any leak. 

10 

2. An apparatus, according to claim, wherein said skin is 
operative, at least temporarily, to contain fluid, leaked from 
the vessel. 

15 3. An apparatus, according to claim 2, wherein said skin 
allows the escape of said fluid. 

4. An apparatus, according to claims 1, 2 or 3, wherein 
said skin is operative to enclose both said vessel and said 

20 sensor line. 

5. An apparatus, according to claims 1, 2, 3 or 4 for use 
where said vessel is a pipe, wherein said sensor line is 
disposable along the pipe 

25 

6. An apparatus, according to claim 5, wherein said skin 
comprises elastic ridges, to be pressed against the outer 
surface of the pipe and wherein said elastic ridges are 
operative to inhibit fluid flow in a longitudinal direction 

30 along the outside of the pipe and to directing fluid flow on 
the outside of the pipe towards said sensor line. 



7. An apparatus, according to claim 5 or 6, wherein said 
skin is disposable longitudinally along the outside of the 
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pipe and closable, longitudinally, by means of a securing 
cover 

8. An apparatus, according to claim 5 or 6, wherein said 
5 skin is helically wrappable about the pipe. 

9. An apparatus according to claims 5, 6, 7 or 8, wherein 
said skin is further fixable onto the outside of the pipe by 
means of spaced bands. 

10 

10. An apparatus according to claims 1, 2, 3 or 4 for use 
where said vessel is a tank, wherein said sensor line is 
disposable on the outer surface of the tank. 

15 11. An apparatus, according to claim 10, wherein said skin 
comprises elastic ridges, to be pressed against the outer 
surface of the tank, and wherein said elastic ridges are 
operative to form containment zones to at least temporarily 
contain fluid from any leak for the fluid to come into contact 

20 with said sensor line. 

12. An apparatus, according to claims 10 or 11, wherein said 
skin is wrappable around the outside of the tank in a closed 
helix, wherein said skin comprises partial containment zones, 

25 and wherein a partial containment zone in one coil of the 

helix is co-operative with a partial containment zone in an 
adjacent coil of the helix to at least temporarily contain 
fluid from any leak for the fluid to come into contact with 
said sensor line. 

30 

13. An apparatus, according to any of the preceding claims, 
wherein said sensor line is incorporated into the fabric of 
the face of said skin which is for presentation to the outside 
surface of the vessel. 

35 
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14. An apparatus, according to any of the preceding claims, 
wherein said sensor line is a fibre optic line, 

15. An apparatus, according to any one of the preceding 

5 claims, including monitoring means, responsive to said sensor 
line to shut down said vessel in the event of detection of a 
leak. 

16. An apparatus, according to claim 15, wherein said 

10 monitoring means is operative to cease pumping fluid at least 
into that portion of the vessel subject to the leak. 

17. An apparatus, according to claims 15 or 16, wherein said 
monitoring means is operative to shut off at least that 

15 portion of the vessel subject to the leak. 

18. An apparatus, according to any one of claims 15 to 17, 
wherein said monitoring means is operative to empty at least 
that portion of the vessel subject to the leak. 

20 

19. A method for determining the occasion and location of a 
fluid leak in a vessel, said method including the steps of: 
disposing a sensor line, on the outside of the vessel, for 
detecting where, along the length of the sensor line the 

25 sensor line is in contact with the fluid; disposing a skin on 
the outside of the vessel; and employing said skin to direct 
leaked fluid towards the sensor line in the vicinity of any 
leak. 

30 20. A method, according to claim 19, including the step of 
employing said skin, at least temporarily, to contain fluid, 
leaked from the vessel. 

21. A method according to claim 19, including the step of 
35 allowing the escape of said fluid. 
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22. A method, according to claims 19, 20 or 21, including the 
step of employing said skin to enclose both said vessel and 
said sensor line. 

5 23. A method, according to any one of claims 19 to 22, where 
said vessel is a pipe, including the step of disposing said 
sensor line along the pipe. 

24. A method, according to claim 23, including the steps of: 
10 employing elastic ridges on said skin; and pressing said 

elastic ridges against the outer surface of the pipe to 
inhibit fluid flow in a longitudinal direction along the 
outside of the pipe and to directing fluid flow on the outside 
of the pipe towards said sensor line. 

15 

25. A method, according to claims 23 or 24, including the 
steps of: disposing said skin longitudinally along the outside 
of the pipe; and closing said skin, longitudinally, by means 
of a securing cover 

20 

26. A method, according to claims 23 or 24, including the 
step of helically wrapping said skin about the pipe, 

27. A method, according to any one of claims 23, 24, 25 or 

25 26, including the step of fixing said skin onto the outside of 
the pipe by means of spaced bands. 

28. A method, according to claims 19, 20, 21 or 22, where 
said vessel is a tank, said method including the steps of: 

30 disposing said sensor line on the outer surface of the tank. 

29. A method, according to claim 28, including • the steps of: 
employing elastic ridges on said skin; and pressing said 
elastic ridges against the outer surface of the tank to form 

35 containment zones to contain and accumulate fluid from any 

leak for the fluid to come into contact with said sensor line 
locally to the leak. 
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30, A method, according to claims 28 or 29, including the 
steps of: wrapping said skin around the outside of the tank in 
a close helix; and employing partial containment zones in said 
skin, a partial containment zone in one coil of the helix 
5 being co-operative with a partial containment zone in an 
adjacent coil of the helix to at least temporarily contain 
fluid from any leak for the fluid to come into contact with 
said sensor line locally to the leak. 

10 31. A method, according to any one of claims 19 to 30, 

including the step of including said sensor line in the fabric 
of the face of said skin which is for presentation to the 
outside surface of the vessel, 

15 32. A method, according to any one of claims 19 to 31, 

including the step of employing, in said sensor line, a fibre 
optic line. 

33. A method, according to any one of claims 19 to 32, 
20 including the steps of monitoring said sensor line; and 

shutting down said vessel in the event of detection of a leak. 

34. A method, according to claim 30, wherein said step of 
shutting down said vessel includes the step of ceasing to pump 

25 fluid at least into that portion of the vessel subject to the 
leak. 

35. A method, according to claims 33 or 34, wherein said step 
of shutting down said vessel includes the step of shutting off 

30 at least that portion of the vessel subject to the leak. 

36. A method, according to any one of claims 27 to 29, 
wherein said step of shutting down said vessel includes the 
step of emptying at least that portion of the vessel subject 

35 to the leak. 
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CHANNELIZATION CODE ALLOCATION FOR 
RADIO COMMUNICATION SYSTEMS 

BACKGROUND 

This invention generally relates to variable data rate transmissions and, more 
particularly, to techniques for efficiently allocating spreading codes for variable rate 
data transmissions. 

Cellular radio communication systems have recently been developed that use 
spread spectrum modulation and code division multiple access (CDMA) techniques. In 
a typical direct sequence CDMA system, an information data stream to be transmitted 
is superimposed on a much-higher-symbol-rate data stream sometimes known as a 
spreading sequence. Each symbol of the spreading sequence is commonly referred to 
as a chip. Each information signal is allocated a unique spreading code that is used to 
generate the spreading sequence typically by periodic repetition. The information 
signal and the spreading sequence are typically combined by multiplication in a process 
sometimes called coding or spreading the information signal. A plurality of spread 
information signals are transmitted as modulations of radio frequency carrier waves and 
are jointly received as a composite signal at a receiver. Each of the spread signals 
overlaps all of the other coded signals, as well as noise-related signals, in both 
frequency and time. By correlating the composite signal with one of the unique 
spreading sequences, the corresponding information signal can be isolated and decoded. 

As radiocommunication becomes more widely accepted, it will be desirable to 
provide various types of radiocommunication services to meet consumer demand. For 
example, support for facsimile, e-mail, video, internet access, etc. via 
radiocommunication systems is envisioned. Moreover, it is expected that users may 
wish to access different types of services at the same time. For example, a video 
conference between two users would involve both speech and video support. Some of 
these different services will require relatively high data rates compared with speech 
service that has been conventionally supplied by radio communication systems, while 
other services will require variable data rate service. Thus, it is anticipated that future 
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radio communication systems will need to be able to support high data rate 
communications as well as variable data rate communications. 

Several techniques have been developed to implement variable rate 
communications in CDMA radio communication systems. From the perspective of 
5 transmitting data at varying rates, these techniques include, for example, discontinuous 
transmission (DTX), variable spreading factors, multi-code transmission and variable 
forward error correction (FEC) coding. For systems employing DTX, transmission 
occurs only during a variable portion of each frame, i.e., a time period defined for 
transmitting a certain size block of data. The ratio between the portion of the frame 

10 used for transmission and the total frame time is commonly referred to as the duty 
cycle y. For example, when transmitting at the highest possible rate, i.e., during the 
entire frame period, y = 1, while for zero rate transmissions, e.g., during a pause in 
speech, y = 0. DTX is used, for example, to provide variable data rate transmissions 
in systems designed in accordance with the U.S. standard entitled "Mobile Station-Base 

15 Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular 
System", TIA/EIA Interim Standard TIA/EIA/IS-95 (July 1993) and its revision 
TIA/EIA Interim Standard TIA/EIA/IS-95-A (May 1995). Such standards that 
determine the features of U.S. cellular communication systems are promulgated by the 
Telecommunications Industry Association and the Electronic Industries Association 

20 located in Arlington, Virginia. 

Varying the spreading factor is another known technique for providing variable 
data rate communication. As mentioned above, DS-CDMA spread spectrum systems 
spread data signals across the available bandwidth by multiplying each of the data 
signals with spreading sequences. By varying the number of chips per data symbol, 

25 i.e., the spreading factor, while keeping the chip rate fixed, the effective data rate can 
be controllably varied. In typical implementations of the variable spreading factor 
approach, the spreading factor is limited by the relationship to SF = 2 k xSF min where 
SF min is the minimum allowed spreading factor corresponding to the highest allowed 
user rate. 
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Another known technique for varying the transmitted data rate is commonly 
referred to as multi-code transmission. According to this technique, data is transmitted 
using a variable number of spreading codes where the exact number of codes used 
depends on the instantaneous user bit rate. Effectively, this means allocating a variable 
5 number of physical channels to a connection to provide variable bandwidth. An 

example of multi-code transmission is described in U.S. Patent Application Serial No. 
08/636,648 entitled "Multi-Code Compressed Mode DS-CDMA Systems and 
Methods", filed on April 23, 1996, the disclosure of which is incorporated here by 
reference. 

10 Yet another technique for varying the transmitted data rate in radio 

communication systems involves varying the FEC. More specifically, the rate of the 
forward error correction (FEC) coding is varied by using code-puncturing and 
repetition or by switching between codes of different rates. In this way the user rate is 
varied while the channel bit rate is kept constant. Those skilled in the art will 

15 appreciate the similarities between varying the FEC and a variable spreading factor as 
mechanisms to implement variable rate transmission. 

In both the uplink and downlink, it is desirable that any number of logical 
channels can be transmitted simultaneously to support a single connection between a 
base station and a mobile station to support various data rates. To transmit these 

20 logical channels over the radio interface, a number of physical channels are allocated. 
These physical channels are separated using different spreading codes (channelization 
codes), i.e., multicode transmission is used. Each physical channel can have one of 
several possible data rates, i.e., one of several possible spreading factors is used when 
spreading the data transmitted on the physical channel. To date, however, a flexible 

25 solution which allocates code words to physical channels taking into consideration the 
codes which have already been allocated to other channels and power considerations 
associated with the in-phase (I) and quadrature (Q) transmitter branches has not been 
provided. 
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Accordingly, it would be desirable to create new techniques and systems for 
allocating spreading codes in a flexible manner that supports multicode transmissions 
and variable spreading factors, and that optimizes power efficiency. 

SUMMARY 

These and other problems associated with previous communication systems are 
solved by Applicants' invention, wherein spreading codes are allocated for physical 
channels taking into consideration the spreading codes already allocated to other 
physical channels to be transmitted in parallel therewith. For example, if the physical 
channel being allocated a spreading code is a control channel (PCCH), then techniques 
according to the present invention investigate whether another physical channel on 
either the I or Q branches of the transmitter has already been assigned a spreading code 
so that the PCCH can be allocated a spreading code which makes the PCCH orthogonal 
to all other physical channels used in the composite spread spectrum signal. Moreover, 
for physical data channels (PDCH), techniques according to the present invention 
determine if any other channels have previously been assigned spreading codes on the 
same I or Q branch as the channel currently under investigation. If so, this PDCH is 
allocated a spreading code that makes the PDCH orthogonal to other PDCHs in the 
same branch, as well as to the PCCH. 

According to other exemplary embodiments of the present invention, in addition 
to assigning a spreading code to each physical channel, the physical channels are also 
allocated between the I and Q branches of the transmitter in a manner intended to 
balance power between the two branches and improve power amplifier performance. 
For example, if the data rate associated with a connection to be set up is relatively low, 
then the connection may be supported by one PDCH and one PCCH, one of which is 
assigned to the I branch of the transmitter and the other to the Q branch. If, however, 
the data rate associated with a connection to be set up is relatively high, then assigning 
the PDCH to one branch and the PCCH to the other creates a large power discrepancy 
between the two branches. In such a case, the data can be transmitted on two PDCHs 
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each of which are allocated to the I and Q branches of the transmitter, respectively, and 
the control channel can be allocated to either the I or Q branch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and objects of Applicants' invention will be understood by reading 
this description in conjunction with the drawings, in which: 

FIG. 1A is a block diagram representation of an exemplary transmitter structure 
in which the present invention can be implemented; 

FIG. IB illustrates an alternative scrambling technique which can be 
implemented in the transmitter of FIG. 1A; 

FIG. 2 is an exemplary code tree; 

FIG. 3 is a flowchart depicting allocation of physical channels between the I and 
Q branches of a transmitter according to an exemplary embodiment of the present 
invention; and 

FIG. 4 is a flowchart illustrating the allocation of spreading codes to physical 
channels according to the present invention. 

DETAILED DESCRIPTION 

While this description is written in the context of cellular communications 
systems involving portable or mobile radio telephones, it will be understood by those 
skilled in the art that Applicants' invention may be applied to other communications 
applications. 

According to exemplary embodiments of the present invention, CDMA systems 
can support variable bit rate services, such as speech, by providing control information 
in each frame which specifies the instantaneous data symbol rate for that frame. In 
order to accomplish this in a regular time interval, physical channels can be organized 
in frames of equal length (timewise). Each frame carries an integer number of chips 
and an integer number of information bits. 

Using this exemplary frame structure, bit rate control information can be 
provided for every CDMA frame by transmitting this information on a separate 
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physical channel. The physical channels carrying the data and the control information 
(e.g., including pilot/reference symbols for channel estimation, power control 
commands and rate information of the data) can be denoted as physical data channel 
(PDCH) and physical control channel (PCCH), respectively. Each connection between 
a mobile station and a base station will be supported by a PCCH and at least one 
PDCH. The spreading code, symbol rate, or equivalently spreading factor, of the 
PCCH are known a priori to the receiver. In this way, the receiver can determine the 
data rate of the PDCH(s) from the PCCH prior to demodulating/decoding the 
PDCH(s). Exemplary techniques for handling BRI information are described in 
commonly-assigned, copending U.S. Patent Application Serial No. 

, entitled "Low-Delay Rate Detection for Variable Rate 

Communication Systems" to Dahlman et al., filed on an even date herewith. 

Many potential advantages are attributable to variable rate transmission. For 
example, interference can be reduced for various users of the system since the chip rate 
is kept constant and a lower bit rate gives a higher spreading factor, thus allowing a 
lower transmit power. Those skilled in the art will readily appreciate how this ability 
to vary the information rate in a CDMA system can be used advantageously to vary 
other parameters. However, techniques for efficiently allocating spreading codes to the 
various physical channels (i.e., PCCH and PDCH(s)) are needed and described below. 

A physical channel is a bit stream of a certain rate, that is spread using a certain 
code and allocated to either the in-phase (I) or quadrature (Q) branch in a transmitter. 
Variable rate services are supported through spreading with a variable spreading factor 
as described above. A number of data streams are spread to the chip rate using Walsh 
codes of different length, followed by summation and, if desired, scrambling. The 
structure of an exemplary transmitter (usable, e.g., in either a base station or a mobile 
station) which performs these spreading, summing and scrambling operations is 
illustrated in Figure 1A. 

Therein, a first data stream I } is supplied to multiplier 10 having a data rate of 
R x which is equal to the chip rate R c divided by the spreading factor SF H for that data 
stream. This data stream is spread with a channelization code word C„ having a length 
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of 2 k chips which is selected such that the output of multiplier 30 has a chip rate R c by 
selecting a value for k that is related to the desired data rate of physical channel I For 
example, a physical channel data rate of 250 kbps is spread to a chip rate of 4 Mcps by 
using a channelization code of 16 (2 4 ) chips long. More details regarding the allocation 
of a particular channelization code according to the present invention are described 
below. Similarly, additional data streams are supplied to multipliers 12, 14 and 16 
(and other branches which are unillustrated) to spread their respective data streams with 
channelization code words having a length which is selected to result in a chip rate R c . 
The rate of the data streams can be limited to such an interval that the spreading factors 
used are larger or equal to a predetermined 5F ra „. Each physical channel is then 
weighted by respective amplifiers 18, 20, 22 and 24. The weights can be individually 
chosen to allocate power to each physical channel so that predetermined quality 
requirements, e.g., the bit error rate of each physical channel, are satisfied. The 
physical channels in the "I" branch of the transmitter are summed at summer 26. 
Similarly, the physical channels in the "Q" branch of the transmitter are summed at 
summer 28. Scrambling, if desired, is then performed on the superimposed physical 
channels. This can be done in at least two ways. First, as shown in Figure 1A, 
scrambling can be performed by forming the I and Q pairs as a complex number at 
blocks 30 and 32 and then multiplying the result with another complex number (i.e., 
the complex valued scrambling code c scramb =c,+jc Q ) at block 34. Scrambling can also 
be performed on the I and Q branches separately as illustrated in Figure IB, by 
multiplying I and Q with two real valued scrambling codes c, and c Q at blocks 36 and 
38. The scrambling code is clocked at the chip rate. The resultant signal is output, 
e.g., to transmit signal processing circuitry (e.g. a QPSK or O-QPSK modulator 
followed by, possibly, pulse-shaping filters), amplified by a transmit power amplifier 
(not shown) and ultimately coupled to an antenna (also not shown). 

The Walsh codes used for spreading at multipliers 10-16 can be viewed in a tree 
like manner, as illustrated in Figure 2. Codes on the same level in the tree are 
orthogonal and have the same spreading factor. Thus, codes c 4A , c 4 2 , c 4 3 and c 4 4 are 
orthogonal codes each of which have the same spreading factor, i.e., the same number 
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of chips. If a physical channel is spread with a first code in the tree, and another 
physical channel is spread with another code which is (1) not the same as the first code, 
(2) not to the left of the first code on the path to the root of the tree and (3) not in the 
subtree which has the first code as the root, then the two spread physical channels will 
be orthogonal. For example, if the PCCH is allocated code c 4J and a PDCH is 
allocated code c 8 5 , then these two spread channels would be orthogonal. If, however, 
the PDCH was allocated code c 8> , or c g 2 , then the PCCH and PDCH would be non- 
orthogonal. Every physical channel is allocated a spreading code from the tree, with 
spreading factors matching the respective data rates. As the data rate varies for a 
particular PDCH, a code from a different level of the tree will be allocated. For 
example, increasing data rates will cause code selection to move to the left in the tree, 
while for decreasing data rates code selection will move to the right. Thus, a typical 
variable rate PDCH will typically move up and down along a certain path in the code 
tree as its data rate varies. Allocation of physical channels to the I and Q branches of 
the transmitter, as well as codes from the code tree in Figure 2 as spreading codes 
(e.g., c„ Cq„ etc. in Figure 1A) can be made according to the following rules in 
accordance with the present invention. 

Figure 3 is a flowchart which illustrates an exemplary technique for allocating 
the physical channels between the I and Q branches of a transmitter according the 
present invention for the case where a single PDCH can be used (i.e., has sufficient 
bandwidth) to support a connection. Those skilled in the art will appreciate that this 
technique provides for a relatively balanced transmit power for the each of the I and Q 
branches which in turn provides better power amplifier performance. The flow begins 
at block 40 wherein it is determined whether the power that would be needed to 
transmit the single PDCH is significantly greater than that needed to transmit the 
PCCH. For example, if the PDCH is to be transmitted at a much higher rate than the 
PCCH or if the quality of service (QoS) requirements for the PDCH are higher, then 
the power requirements will be correspondingly higher. In such a case, the flow 
proceeds to block 42 wherein the data stream is split into two lower rate PDCHs. The 
three physical channels can then be allocated, for example, as illustrated in block 42 to 
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the I and Q branches in a manner which will help to more evenly balance the transmit 
power between these two branches. If, on the other hand, it is determined at block 40 
that the PDCH is not to be transmitted at a significantly greater power than the PCCH, 
then the flow proceeds to block 44 wherein the control channel is allocated to one of 
5 the branches and the data channel to the other. Note that the particular selection of Q 
and I in blocks 42 and 44 is exemplary only and that these designations could of course 
be reversed. 

Having assigned the physical channels to a respective one of the I and Q 
branches in the transmitter, the next allocation to be made according to the present 

10 invention is the selection of a spreading code for each of the physical channels. 

According to the present invention, the spreading code selected to spread the PCCH 
should be such that the PCCH is orthogonal to all of the other physical channels to be 
transmitted in the composite spread spectrum signal, i.e., orthogonal to all channels in 
both the I and Q branches. This characteristic is desirable because the PCCH must 

15 first be demodulated and decoded at the receiver to provide channel estimates which are 
used to process the data channels transmitted in the same spread spectrum signal. 
Accordingly, an exemplary technique for allocating spreading codes according to the 
present invention will now be described with respect to the flowchart of Figure 4. The 
flow begins at block 52 wherein it is determined whether the present channel that is 

20 being allocated a spreading code is a data channel or a control channel. If the channel 
currently being allocated a spreading code is a PDCH then the flow proceeds to block 
54. Therein, this PDCH is allocated a spreading code which makes the PDCH 
orthogonal to the PCCH (if the PCCH has already been allocated a spreading code) and 
which makes the PDCH orthogonal to any other PDCH that is on the same I or Q 

25 branch of the transmitter. For example, suppose that at the time this particular PDCH 
is being allocated a spreading code that the PCCH has already been allocated code c 4 , 
and another PDCH has already been allocated code c 8 5 . Further, assume that this 
particular PDCH is to be transmitted at a data rate that requires a level 3 code with 
respect to the code tree of Figure 2. According to the present invention, this particular 

30 PDCH could then be allocated any of codes c 8f3 , c M , c 8i6 , c 8>7 and c 8t8 . This PDCH 



WO 99/03224 



PCT/SE98/01317 



-10- 

could not be allocated to codes c gfl or c 82 since such allocations would result in non- 
orthogonality with the control channel. This PDCH could, however, be allocated code 
c 8 5 if it is assigned to the opposite transmitter branch of the PDCH which has already 
been assigned this spreading code. 

The flow then proceeds to block 56 whereupon more codes are allocated if 
additional channels remain. Otherwise the process terminates. If, at block 52, a 
control channel is being evaluated for spreading code allocation, then the flow proceeds 
to block 58. Therein, a code is selected which makes the control channel orthogonal to 
all channels previously allocated codes so that the PCCH can be readily decoded and 
demodulated at the receiver to provide channel estimates for use and evaluating the data 
channels. 

It will be understood that Applicants' invention is not limited to the particular 
embodiments described above and that modifications may be made by persons skilled in 
the art. The scope of Applicants' invention is determined by the following claims, and 
any and all modifications that fall within that scope are intended to be included therein. 
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We Claim: 

1. A transmitter having an in-phase (I) branch and a quadrature (Q) branch 
for transmitting a composite, spread spectrum signal including at least two physical 
channels, said transmitter comprising: 

means, associated with said I branch, for spreading data associated with 
one of said at least two physical channels using a first spreading code to generate a first 
spread physical channel; and 

means, associated with said Q branch, for spreading data associated with 
another of said at least two physical channels using a second spreading code to generate 
a second spread physical channel; 

wherein said first and second spreading codes have a different number of 
chips and said first and second spreading codes are selected so that said first and 
second spread physical channels are orthogonal to one another. 

2. The transmitter of claim 1, wherein said one of said at least two physical 
channels is a control channel (PCCH) and said another of said at least two physical 
channels is a data channel (PDCH). 

3. The transmitter of claim 2, further comprising: 

means for balancing power associated with said I and Q branches of said 
transmitter by selectively allocating said at least two physical channels to said I and Q 
branches based on transmit power requirements. 

4. The transmitter of claim 3, wherein said at least two physical channels 
include a second PDCH which is spread using a third code to generate a third spread 
physical channel, and wherein said means for balancing power allocates said second 
PDCH to a same branch of said transmitter as said PCCH to based on said transmit 
power requirement. 
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5. The transmitter of claim 4, wherein said second and third spread 
physical channels are orthogonal. 

6. The transmitter of claim 4, wherein said second and third spread 
physical channels are non-orthogonal. 

7. The transmitter of claim 4, wherein said second and third codes are the 
same codes. 

8. A method for allocating spreading codes to a plurality of physical 
channels to be transmitted in a composite spread spectrum signal in a radio 
communication system comprising the steps of: 

allocating a first spreading code having a first number of chips to a 
control channel so that said control channel is orthogonal to others of said plurality of 
physical channels in said composite spread spectrum signal; and 

allocating a second spreading code having a second number of chips 
different from said first number of chips to a first data channel, which second spreading 
code is selected such that said control channel and said first data channel are orthogonal 
to one another. 

9. The method of claim 8, wherein said control channel conveys reference 
information usable to make channel estimates. 

10. The method of claim 8 further comprising the step of: 

allocating a third spreading code having a third bit length to a second 
data channel, said third spreading code selected such that said control channel and said 
second data channel are orthogonal to one another. 

11. The method of claim 10, wherein said first and second data channels are 
orthogonal. 
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12. The method of claim 10, wherein said first and second data channels are 
non-orthogonal. 

13. The method of claim 10, wherein said second and third spreading codes 
5 are the same codes. 



14. The method of claim 10, further comprising the steps of: 

assigning said second data channel to one of an I and a Q branch in a 
transmitter; and 

10 assigning said third data channel to the other of said I and Q branches. 



15. The transmitter of claim 1, further comprising: 

means for scrambling said first and second spread physical channels of 
said I and Q branches, 

15 

16. A method for allocating spreading codes to a plurality of physical 
channels to be transmitted in a composite spread spectrum signal in a radio 
communication system comprising the steps of: 

allocating a first spreading code having a first number of chips to a first 
20 data channel; and 

allocating a second spreading code having a second number of chips 
different from said first number of chips to a control data channel, which second 
spreading code is selected such that said control channel and said first data channel are 
orthogonal to one another. 

25 

17. The method of claim 16, wherein said control channel conveys reference 
information usable to make channel estimates. 



18. The method of claim 16 further comprising the step of: 
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allocating a third spreading code having a third bit length to a second data 
channel, said third spreading code selected such that said control channel and said 
second data channel are orthogonal to one another. 

19. The method of claim 18, wherein said first and second data channels are 
orthogonal. 

20. The method of claim 18, wherein said first and second data channels are 
non-orthogonal. 

21 . The method of claim 18, wherein said second and third spreading codes 
are the same codes. 

22. The method of claim 18, further comprising the steps of: 
assigning said second data channel to one of an I and a Q branch in a 

transmitter; and 

assigning said third data channel to the other of said I and Q branches. 
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